a 
4 


SEPTEMBER 19, 1952 


NUMBER 


VOLUME 116 


Contents rex or 


Helium Liquefier: S. C. Collins SEP 
22 
News and Notes | 22 
a 


Technical Papers 


Cytochrome c Oxidase Activity During the Metamorphosis of 
Drosophila virilis: Dietrich Bodenstein and Bertram Sacktor 


Thin Films of Supersaturated Solutions for Detecting, 
Counting, and Identifying Very Small ania Particles : 
Bernard Vonnegut 


Algebraic Relationships Between Digestion Coefficients 
Determined by the Conventional Method and by Indicator Methods: 
H. L. Lucas 


Influence of pH on Phosphatase Activity of Rat Seminal Vesicles: 
J.C. Porter and R. M. Melampy 


Differentiation of Nucleic Acids and Acid maida 
in Histologie Sections by Selective Extraction with Acids: 
William B. Atkinson 


The Accuracy and Convenience of Silicone-treated Microliter 
Pipettes: Edward L. Duggan and Kendric C. Smith . 


3012 


. 301 


. 303 


Propagation of a Strain of Endamoeba histolytica in Tissue-bearing 


Culture: James G. Shaffer and Henry S. Sienkiewicz 


Comments and Communications 


Photochemical para Rearrangement of Phenyl Ethers: 
M.S. Kharasch, Guido Stampa, and Walter Nudenberg 


Liberal Arts Colleges and the National aeanamend of Sciences : 
John R. Sampey 


Book Reviews 
Factor Analysis; Hyperconjugation 


Recruitment Through Education and Experience 


Meetings & Conferences 20. 


310 


AMERICAN ASSOCIATION FOR THE 


ADVANCEMENT OF SCIENCE 


— 
— 
— 
302 
? 
Founded 3 
i648 
3 


more than 


a mere instrument = 
a completely integrated 


system tor 


histologic preparation 


ob AUTOTECHNICON 5) TECHNICON 


These are the elements of 

TECHNICON 

(2) msTOLOeNC REAGENTS © MICROSLIDE DRYER the Autotechnicon histologic 


processing system... eacha 

TECHNICON TECHNICON notable technical contribu- 
PIPETTE WASHER MICROSCOPE LAMP = tion toward making the work 

of the pathological labora- 


TECHNICON LAB-AID tory easier, with better, surer 
supers 
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THE TECHNICON COMPANY 
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Chlamydomonas could not really be considered as serious competition 
for Miss Esther Williams—neither in the 100-yard backstroke nor in 
numerous other regards.* 


Still, he can swim a little bit. Many, given his equipment, would ac- 
complish far less. 


Furthermore, one must in all honesty bow to the extraordinary ver- 
satility of his efforts toward filling the waters with little Chlamydo- 
monas. Science has seen few to equal him in this regard. 


Lastly, Chlamydomonas is distinguished for the fact that he appears 
to be on (or at least mighty close to) the main line of evolution lead- 
ing to the higher plants. It is this circumstance which most intrigues 
Dr. Edward Dodson, author of the new Textbook of Evolution. 


Dr. Dodson devotes three very interesting pages to Chlamydomonas 
and the Origin of Sex. These three pages are typical of the readability 
and the teachability of the entire book—it’s a really satisfying text in 
every way. If you haven’t seen a copy, write today. 


* One scientist was heard to comment, after meeting Miss Williams, that in his 
opinion evolution had progressed just about far enough. Dr. Dodson completely 
ignores this incident in his chapter on Retrospect and Prospect (Man and the 
Future). 


By Epwarp O. Dopson, Assistant Professor of Zoology, University of Notre 
Dame. 419 pages, illustrated. $5.00. 


W. B. SAUNDERS COMPANY 


West Washington Square Philadelphia 5 


September 19, 1952 


© 
we” 
44 
= 
re 


COMPACT— 
only 26 inches tall—weighs but 20 
pounds 


MADE OF a durable, washable SYN- 
THETIC COMPOSITION TO RE- 
SIST ALKALIES AND ACIDS 


CAN BE ROTATED within the case 
or suspended outside for study 


Produced under competent medical 
guidance by skilled craftsmen. 
No. ZK 500 


Illustrated key card permits student to observe skeleton and key 
together—enabling him to more easily understand the skeleton. 


No. ZK 500—Miniature Skeleton, Painted. The muscular insertions 
are painted on one side. Complete with attractive wooden case, plastic 
skeleton cover, and illustrated key card ............ Each $130.00 


No. ZK 510—NMiniature Skeleton, same as ZK 500 but not painted, 
Each $115.00 


FULL, Life-Size, Plastic Skeletons available at $195.00. 


Write for Circular. 


- M. WELCH SCIENTIFIC COMPANY. 


1815 SEDGWICK STREET, DEPT.,E 
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Recruitment Through Educa- 
tion and Experience 


HE increasingly acute problem of recruitment 
‘Ta scientists, especially for service in government 
laboratories and in endowed and educational institu- 
tions, requires an active program for its effective solu- 
tion. These institutions, handicapped in competing for 
new scientists because of limitations imposed by regu- 
lations or restricted incomes, are forced to offer other 
inducements for employment and to play an increas- 
ingly stronger role in encouraging qualified under- 
graduates and high school students to choose a career 
in science. 

The National Bureau of Standards, through its Per- 
sonnel Division and Educational Committee, has, over 
a period of years, endeavored to offset the low salary 
disadvantages of government employment by offering 
special training and educational opportunities. The 
student trainee program is initiated by announcements, 
followed by direct contacts with teachers and students. 
Selected groups of high school graduates and college 
students are brought in to work as technical aides for 
the summer period. Not all these trainees will return 
to the bureau for permanent employment upon com- 
pletion of their college education, but it is felt that 
they will serve as emissaries to present the advantages 
of employment at the bureau, and that they may 
stimulate interest in science among their high school 
and undergraduate associates who are qualified. 

In the summer of 1952 the bureau had 160 student 
trainees from more than 100 colleges and universities, 
including 15 Westinghouse Scholarship and National 
Science Fair winners. 

The established pattern of advanced education in 
this country now embraces a widely accepted concept 
of dual employment and education. Most educators 
agree that a longer period of graduate study, com- 
bined with practical work in the field of the major 
study, leads to better training. Sponsored research has 
shifted the emphasis in many universities from teach- 
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ing to research projects, and institutions that are pri- 
marily engaged in research, such as government labo- 
ratories, have long recognized the possibility of at- 
tracting and holding younger, personnel by offering 
educational opportunities along with employment. In 
keeping with the concept that advanced education 
should be in the field of employment, instruction is 
usually limited to the laboratory’s field of cognizance. 

The Graduate School of the National Bureau of 
Standards has pioneered in providing courses for 
graduate and advanced undergraduates in physical 
science. In the 44 years that the Graduate School has 
served bureau personnel, more than 7000 students have 
been registered, and more than 150 have obtained 
Ph.D. degrees through course work that has been ac- 
cepted by their universities in partial fulfillment of 
requirements. Other government institutions, such as 
the Department of Agriculture and the large Navy 
laboratories, have established similar educational pro- 
grams. In many cases the educational work is carried 
on by cooperative arrangements with nearby universi- 
ties, and in all eases the degrees are obtained from 
universities, which accredit such work or courses and 
determine the academic requirements that can be met 
through cooperation with these nonacademic institu- 
tions. 

Although graduates of these joint programs may 
leave the cooperating agency after attainment of their 
academic degree, some remain to lead and direct work, 
and those who leave form a supporting “alumni” in 
industrial and educational organizations to promote 
cooperation and good will. 

Recruitment of graduates may be indirectly accom- 
plished through the employment of university profes- 
sors who, in the capacity of consultants, not only bring 
new ideas into research and development programs, 
but transmit to their students a knowledge and appre- 
ciation of the opportunities for employment at the 
laboratory. 

Wattace R. Brope 
National Bureau of Standards 
Washington, D. C. 


SCIENCE, founded in 1880, is published each Friday by the American As- 
sociation for the Advancement of Science at the Business Press, 10 McGovern 
Ave., Lancaster, Pa. Entered as second-class matter at the Post Office at 
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28, 1925, embodied in Paragraph (d-2) Section 34.40 P. L. & R. of 1948. 
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of manuscripts or for the opinions expressed by contributors. Four weeks’ 
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Ketoglutaric Acid, alpha 


d Lactic Acid (free) 

d Lactic Acid (Zinc Salt) 
Lauric Acid 
Lauroyl Choline Chloride 
Malonitrile 
DL Mandelic Acid 
Methyl Cholanthrene 


Ninhydrin 


p Nitrophenol 
Oleic Acid (Tech.) 93% 
Palmitic Acid 
Para-Aminosalicylic acid 
Phytic Acid 
Protamine Sulfate 
Pyridine-3-Sulfonic Acid 


Salmine 
Saponin (Purified) 
Sodium Azide (Pract.) 


(High Viscosity) 


Sodium Pyruvate C.P. 
Trigonelline 
Tyramine Hydrochloride 


for additional listings 
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A READY REFERENCE 
That will Save Time for You 


Use this catalog as a “one stop” source 
of Amino Acids, Vitamins, Carbohydrates, 
Adenylates, Nucleates, Purines, Pyrimi- 
dines, Tetrazolium Salts, Enzymes, Micro- 
biological and Bacteriological Media, 
Complete Animal Test Diets and 
Ingredients for investigational use. 


Myristol Choline Chloride 


p Nitrophenyl Phosphosphate 


Pyruvic Acid (M.P. 6° +C.) 


See Science Aug. 29 issue 


SPECIAL RESEARCH 
BIOCHEMICALS 


d Lactic Acid C.P. (Sodium Salt) 


Sodium Carboxymethylcellulose 


Sodium 2,6, Dichlorophenolindophenol 
Sodium Glycerophosphate, beta 


PRODUCTS 


Rtstancn 
— 


WRITE FOR 
Your copy 
TODAY 


GENERAL BIOCHEMICALS, INC. 
60 LABORATORY PARK * CHAGRIN FALLS, OHIO 


A MIGHTY LIGHT 


FROM A SMALL SOURCE 


““POINTOLITE’’ LAMPS 


Laboratory workers rely on Pointolite’s 
dependable, steady light that requires 
no attention after starting. Illumina- 
tion is an intensely brilliant, remark- 
ably white, “point of light’. Designed 
to fit scientific optical instruments 
for photographic and projection pur- 
poses. Lamps in various candle-power 
sizes and necessary auxiliary equipment 
are described and listed in Bulletin S. 


JAMES G. BIDDLE CO. 

ELECTRICAL & SCIENTIFIC. INSTRUMENTS 
ARCH STREET + PHILADELPHIA 7, PENNA. 


No. 2A DISSECTING SET .......... $2.00 each 
Less 10% on 6 dozen or more 
A very popular college set. Other sets listed in our 
cat e or we shall make up sets according to your 
specifications. 


THE GRAF-APSCO COMPANY 
5868 Broadway Chicago 40, Ill. 
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A recent survey* among 50 high schools indicated that 
PYREX® brand Test Tubes outlasted other brands 2 to 1. 
Why? Simply because PYREX brand glassware stands ; 


more physical and thermal shock besides remaining z 
chemically inert in the presence of acids and many alka- / 
line solutions. 

PYREX BRAND TEST TUBES—Twenty-two standard It all adds up to economy for you. Breakage is reduced, 

sizes from 10x75 mm. to 65x500 mm. Strong, sturdy... 

tape fer eppiientt 4 in scheal cheating, replacements cut. So whether you need test tubes or other ; 


types of laboratory ware, always ask for PYREX brand 
and save money. Your laboratory dealer stocks it for you. 


*Which Test Tubes Shall We Buy’ — W. S. Lapp — Science Teacher 
Vol. XVII, No. 3, October 1950 


PYREX BRAND FUNNELS— All kinds—fiuted, ploin, 


PYREX BRAND THISTLE TUBES—With uniform long stem, short stem, big diameter, smoll diameter, and 
molded bodies—a choice of heavy or extra heavy stemless, all ruggedly fabricated from the chemically 
walled tubes. stable and heat resistant PYREX Brand gloss 7740. 


CORNING GLASS WORKS, CORNING, N. Y. 
Conning meant research ic 
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POWERFUL BLOWER 
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FFER YOU THESE 
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39%each 3 


DO YOU SUFF 


DO YOU STRUGGLE WITH LOW VOLTAGE = 


ER FROM HIGH VOLTAGE 


A Westinghouse 100 Watt Isolation Trans- 

former will be your solution 150 V. to 110 V. or $ 

110 V. to ~¢ V. or any voltage 40 V. up or 
Ibs. 


down. Wght. 6 


18 W. 115 Volt AC Synchronous Motor .. $4.75 


EST. 
1923 


64 Dey St. 


ALL PRICES F.O0.B.N. Y. 


REDMOND 115 V. A.C. 5” DIA. 2” ORI- 
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BLAN is: 


New York 7, N. Y. 


GLUCURONOLACTONE 


The Gamma Lactone ee 
of Glucuronic Acid re) 


Biologically Important: Glucu- 
ronic acid and its lactone 
have long been of biologi- | HCOH 
cal interest because of their c=0 
important role in detoxica- 
tion mechanisms. The acid is also found in the 
body as a structural constituent of essentially all 
fibrous and connective tissues. 

Synthetic Source: Synthesis from p-glucose now provides 
commercial quantities of high purity GLUCcURONO- 
LACTONE for study and use. 

Detailed Data: New booklet describing properties and 
clinical aspects of GLUCURONOLACTONE is now 
available. Send for your copy today. 


Chemical Division 


CORN PRODUCTS 
REFINING CO. 


17 BATTERY PLACE * NEW YORK 4 


Nyssco “IDEAL FLOWER” Model 


Made of Nyssco 
“Everlasting” Rubber Composition 
ty dissectible model of a typical 

dicotyledonous flower, showing many special fea- 
tures that have never before been incorporated in a 
model of this kind. In addition to the usual struc- 
tures of petals, sepals, anthers, pistil, etc., the follow- 

ing reproductive processes are presented: 
(a) Two  interchan; _— pistils showing three stages of 
a i and two stages of fertilization in the em- 


(>) Gan anther entire, and three hemisected to show three 
stages in pollen formation: 
(1) Sporogenous tissue formation 
(2) tetrad formation 

(3) rmation of two pollen chambers with mature pollen 
grains 


N° other model available shows so many essential and 
distinctive features. As the originators of biological 
models made of rubber composition, with years of ex- 
perience, we guarantee a product unsurpassed for 
quality of material, workmanship, and scientific ac- 
curacy. 

PRICE: Fully colored, size 19” x 16%” $59.50 


Ask for Cat. No. 7J-Biclogical Models and Charts 
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NEW YORK SCIENTIFIC SUPPLY CO., Inc. 


28 West 30th Street “cncral Supplies for Biology and Chemistry New York 1, N. Y. 
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PROJECTORS MAKE 
MORE INTERESTING 
TEACHING MORE EFFECTIVE 


MASTER VU-GRAPH 
for overhead, daylight, 
transparency projection 


Wit the VU-GRAPH you can face your class in a 
fully lighted room, pacing your lecture for greatest 
audience attention. In addition, you can now gain the 
psychological advantage made possible by the use of 
progressive disclosures, overlays, and actual plastic work- 
ing models. And with the roll attachment, using wax 
crayon, you can write spontaneous notes, or, if 
desired, prepare an entire lecture in advance. 
Special attachments available for projecting 
3% x 4 and 2 x 2 slides and also 35 mm. film 
strips make the MASTER VU-GRAPH the most 
flexible medium ever devised for graphic presen- 
tation by projected transparencies. 


NU-LYTE 


for projecting opaque materials 
of instruction 


Mass, diagrams, illustrations, and text can be pro- 
jected in a partially lighted room without need for 
mounting or special holders. The Vacumatic* Platen 
holds single sheets up to 10 x 11 flat without flutter, 
and the Feed-O-Matic* Conveyor automatically feeds 
in new copy and ejects the old as the lesson proceeds. 
Without leaving the VU-LYTE, you can direct 
special attention to salient features by the exclusive, 
built-in Pointext Projection Pointer, which throws a 
movable arrow of light on any part of the screen. 


The Beseler VU-LYTE is the most versatile, con- 
venient, and efficient opaque projector ever produced. 


Le 
arn how these two projectors can 


or free ‘emonstration arrauged acm 


CHARLES 
COMPANY 


EST. 1869 


60 
The World’ 
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: 


for photomicrography 
the easy, 
economical 

way, choose 
Visicam 

Readily attach- 

able to any 

standard mi- 

croscope, the 

versatile Visi- 

cam provides 
inexpensive 

35mm black & 

white or color 
photomicro- 

graphs of the 

finest quality. 


convenient ‘’Single-Shot’’ camera back. 
For descriptive literature, write direct to: 


854 S. Figueroa St., Los Angeles 17, Calif. 


vides air at 
humidity an 


materia 
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Drying Problem Solved 
by New Method 


New, Niagara “Controlled Humidity” Method pro- 
recise conditions of temperature and 
permits accurate variations of such 
conditions at will, in the range of 34°F. to 140°F.; 
also below 32°. if required. 

This Method uses “Hygrol” liquid absorbent to re- 
move moisture from the air directly, saving the cost 
of refrigeration for dehumidification. Operation is 
completely and reliably automatic; the Z 
re-concentrated as fast as it is used. 

It is used successfull 
of hygroscopic 


sorbent is 


in drying processes, control 
8, preventing moisture dam- 


age to materials or instru- 
ments, providing con- 
trolled atmosphere for 
tests and experiments. 
Units capacity 
ranges from 1000 c. f. m. 
to 20,000 c. f. m. 

Write for Bulletin 
No. 112; address Niagara 
Blower Co., Dept. SW. 
405 Lexington Avenue, 
New York 17, N.Y. 


Get /mmediate Delivery from MACHLETD 


Both Refrigerated and Standard Barcroft-Wa 


Yes, in spite of production cutbacks on non-military items, E. Machlett 
& Son can still offer you immediate delivery on the versatile Barcroft- 
Warburg Apparatus in both standard and refrigerated types. Designed 
especially for study of micro chemical gas reactions, all our Barcroft- 
Warburg Apparatus possess many worthy features such as: 

e Simple Operation e Durable Construction 

Compact Design Fool-proof Action 

e Clear, Precise Results 


And in addition, the Refrigerated Barcroft-Warburg Apparatus has 
a temperature range of 0° C. to 60° C. (+ 0.05° C). Refrigerating unit 
is neatly housed in cabinet which serves as a perfect base for the pre- 
cision apparatus. 


Investigate the many laboratory applications of our Barcroft-Warburg 
Apparatus. They may be precisely what your laboratory needs. 


Act now, write E. Machlett & Son for 
detailed descriptive literature today. 


oratory KPPARATUS SUPPLIES + CHEMICALS 
220 East 23rd Srreet: New Yor« 10,N.Y. 


E. MACHLETT & SON 


rburg- Apparatus 
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model 21-201 lsotope- 


Ratio Mass Spectrometer, a 
special purpose instrument 
for measuring ratios of sta- 
ble isotopes in gases. 


- 


model 21-401 serves os combination 


analytical and isotope-ratio mass spec- 
trometer. 

CONSOLIDATED Model 21-401, the newest member of Consoli- 
dated’s family of mass spectrometers, is a compact, medium-price 
instrument, ideal for those laboratories having moderate analytical 
loads. It provides (1) automatically recorded mass spectra for 
quantitative analyses of gaseous or light-liquid mixtures, and (2) 
precise, recorded ratios of stable gaseous isotopes. Like the widely 
used Model 21-103, it is exceptionally accurate and incorporates 
many automatic, time-saving features. For the multitude of indus- 
trial and scientific applications not requiring extremes of mass 
range, sensitivity, and operating speed, the Model 21-401 is of 
maximum value. Write for Bulletin CEC-1821. 


Consolidated Engineering 


CORPORATION 
300 North Sierra Madre Villa, Pasadena 15, California 


analytical 
instruments 
for science 
and industry 


Sales and Service through CEC INSTRUMENTS, INC. 
a subsidiary with offices in: Pasadena, Philadelphia, 
Chicago, Dallas. 


mass 
spectrometer 


priced right 

for laboratories 
having moderate 
analytical loads 


2I- 103 » Analytico! Moss 


Spectrometer is widely vsed for o 
voriety of opplications where 
volume of work is lorge 


ANALYTICAL SERVICE —here to serve you if 
analysis requirements do not justify the A.B. 
instrument. This precision analytical laboratory carves 
has been operated at the Consolidated factory in Pasa- 
dena since 1949—utilizing mass spectrometry under 

sam, and other details, request 
Bulletin CEC 
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you cam depend 


proportional 


counters 


> 


NMC MODEL PC-3 


Total instrumental error is less than 
0.5%; the character of the ‘Candid 
Decade” scaling circuit guarantees that 
scaling errors will not participate. No 
geometry or window error exists. Reso- 
lution loss 1% per 100,000 ¢/m. 


PRECISIO 
IS HIGHER 


The yield runs typically 5 to 50 times 
higher than an end-window GM counter. 


Beta background runs less than 2 ¢/m 
per cm® of counting area; Alpha back- 


Is LOWER ground is less than 0.1 ¢/m. 


Built-in automatic features reduce the 
operating cycle to 4 rapid operations. 


OPERATION 
MORE RAPID 


DECONTAMINATION 


1S EASIER 


Less than 10 minutes is required to de- 
contaminate, clean and reassemble the 
counting chamber. 


The instrument counts Alphas, Betas and 
Gammas. Alphas are counted with com- 
plete discrimination from high intensity 
Beta activity. Betas are counted in the 
presence of Alpha activity. 


VERSATILITY 
EXCEPTIONAL 


DESIGN 


Designed specifically for Proportionai 
INTEGRATED d ole 


Counting with the least possible com- 
promise. 


You can depend on Instruments 
by Nuclear Measurements when 
you need Instruments for 
RADIOCHEMISTRY MINERAL ASSAY 
RADIOBIOLOGY © WATER & SEWAGE ASSAY 
RADIOTHERAPY NUCLEAR PHYSICS 
WEALTH PHYSICS 

Contact NMC First 

For The Finest 


nuclear measurements corp. 
2450 N. ARLINGTON «¢ CH. 2415 * INDIANAPOLIS, INDIANA 


PAPER PARTITION 


CHROMATOGRAPHY 
EQUIPMENT 


A new and more 
complete line of paper | 
chromatographic 
equipment, 

carefully engineered 

for use in this new 
field of analysis. § 


Also Available: 


@New Chromatocab 
Models 


e@ Strip Suspension Racks J 
(stainless steel or 
glass) 


@ Electronic densitometers 


@ Ultraviolet Lamps (long 
and short wave-length) 

@ Indicator Sprays 

@ Disc Chambers 

@ Solvent Troughs & As- 
semblies 

@ Micro Pipets 

@ Clips 


CHROMATOGRAPHY DRYING OVEN 


Write for Catalog 
RESEARCH EQUIPMENT CORPORATION 


Manufacturers 
Dept. S, 1135 Third Street, Oakland 20, California 


PHOTOVOLT 


Radiation-Detection 
Densitometer Mod. 400-R 


A self-contained densitometer for the accurate meas- 
urement of density of dentcl-size X-ray films as em- 
ployed in film badge systems for personnel monitoring 
in radio-activity laboratories and X-ray installations 


Write for Bulletin #490 to $225.— 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 
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Large stage moves up and 
down for finer, faster focusing. 


The = 


The PANPHOT combines permanently 
aligned mi pe, and light 
source in one convenient unit. 


+ 
Universal Camera Microscope 
Only the Leitz PANPHOT enables you to switch from 
microscopic observation to photo-micrography without moving 


from your chair, for it’s the only universal camera microscope 
with operating parts for both functions right at hand. Changeover from one to the other is fast, 
simple, dependable. Now available to industrial and technical laboratories, the PANPHOT is 
a perfect combination of research microscope and reflex camera. 
The PANPHOT permits the use of transmitted light, reflected light, darkfield illumination and 
polarized light. The permanently aligned light source provides a filament lamp for observation 
and an arc light for photo-micrography. 
Easy observation of the image to be photographed is provided by a large ground glass in the reflex 
mirror camera. The camera accommodates 314” x 414” plates or cut film for black and white or 
color work. 
A full range of accessories is available to equip the PANPHOT for every phase of photo- 
micrography, photo-macrography and for drawing and projecting micro-images. 


Write today for information to Dept. SC 


E. LEITZ, Imc., 304 Hudson Street, New York 13, N. Y. 
LEITZ MICROSCOPES SCIENTIFIC INSTRUMENTS + LEICA CAMERAS AND ACCESSORIES 
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LIFE EXPECTANCY 


of any laboratory microscope ever made 


BAUSCH & LOMB 


LABORATORY 
MICROSCOPES 


Frictionless Dynoptic design reduces wear .. . 
gives you unequalled focusing ease . . . 

adds many years to the life of your Bausch & Lomb 
Laboratory Microscope. Entire fine focusing 
system floats on ball bearings and rollers... 

never binding, never drifting out of focus. 


To this, and the many other long-life 
mechanical features, is added the world’s finest 
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Helium Liquefier 


S. C. Collins* 
Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge 


A plant for the liquefaction of helium on a large 
seale has recently been completed in the Cryogenic 
Engineering Laboratory of the Massachusetts Insti- 
tute of Technology. The chief characteristics are: 


Rate of liquefaction ...... 25-32 1/hr 

Power required .......... 45 kw 

Helium circulated ........ 215 g mols/min (185 cfm) 

Operating pressure ....... 12.5 atm . 

Refrigeration ............ Expansion engine plus liquid 
nitrogen 


Liquid nitrogen consumed 
(If no liquid nitrogen is 
used, rate of helium 
liquefaction is 10 1/hr) 20-40 1/hr 
Heat exchanger .......... Hampson type 
Actual work expended (N, 
plant included) ........ 
Computed requirement (ac- 
tual liquefier but with N, 
plant and helium com- 
pressor assumed _rever- 
0.87 kwhr/1 
Computed requirement (en- 
tire process reversible) 0.24 


3.1 kwhr/l 


ECAUSE OF THE EXTREMELY LOW 

BOILING POINT of helium, 4.22° K or 

-—452° F, special techniques are required to 

create and maintain the necessary environ- 
ment for the production of the liquid phase. The 
quantity of heat that mast be removed from a given 
amount of gaseous helium originally at room tempera- 
ture in order to bring about its liquefaction is not 
unusually large, but the work required to extract heat 
from condensing helium and to discard it at room tem- 
perature is about 800 times greater than that neces- 
sary if the refrigeration level were the freezing point 
of water. Furthermore, the problem of adequate in- 
sulation against the leakage of heat is acute. 

The minimum work required to convert one gram 
of gaseous helium at one atmosphere and room tem- 
perature into liquid helium at 4.22° K ean be con- 
veniently determined by considering the change in 
entropy which the helium undergoes. If we assume 
that waste heat ean be rejected to cooling water at 
300° K (80.3° F), for instance, the gain of entropy 
by the cooling water is exactly equal to the loss of 


1 Cordial acknowledgment is made to F. J. Zimmerman for 
his assistance in assembling and testing the liquefier, to A. 
W. Knight for the construction of the expansion engines 
and accessories, and to M. R. Bent for the construction of 
the heat exchanger. The work presented here is a part of a 
program sponsored by the Office of Naval Research and the 
Atomic Energy Commission. 
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entropy by the helium, the liquefaction being accom- 
plished reversibly. This is shown graphically in Fig. 1. 
By virtue of the definition of entropy the area of the 
field ABCDE represents the heat removed from one 
gram of helium when it is cooled from 300° K to 
4.2° K and condensed at one atmosphere. The area 
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Fic, 1. Temperature-entropy diagram of cooling process. 


of the rectangle AEDF is a measure of the heat dis- 
carded to the surroundings. The difference between the 
two must be the work put into the system to bring 
about the liquefaction. It will be observed that the 
minimum expenditure of work exceeds by fourfold, 
and more, the heat taken from the helium. Expressed 
as kilowatt hours per liter of liquid helium (125 g) the 
result is 0.24. 

In the design of apparatus for the attainment of 
high efficiency in the liquefaction of helium it is neces- 
sary to consider the nature of the refrigerative load. 
A process such as the manufacture of ice, for example, 
is concerned mostly with latent heat. The refrigeration 
requirement can be met efficiently by the evaporation 
of a liquid refrigerant at the proper temperature level. 
If provision is made for reasonably effective transfer 
of heat, the entropy gained by the refrigerant in the 
evaporator does not greatly exceed that lost by the 
water being frozen, thus fulfilling a condition for high 
efficiency. 

The reduction of warm gaseous helium to the liquid 
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state at 4.2° K is a different problem. From one gram 
of helium at 300° K and one atmosphere, 367 calories 
of heat must be taken to reduce its temperature to the 
boiling point, 4.22° K. To effect condensation, only 
4.8 calories more must be withdrawn. The refrigerative 
load is, therefore, distributed over an enormous tem- 
perature range. The ordinary refrigeration cycle that 
employs a liquid refrigerant is unsuitable for this type 
of service. No single refrigerant exists that can span 
so great a range of temperature. Even if such a re- 
frigerant could be found, the cycle would be quite 
inefficient, because all the heat would have to be 
pumped from the lowest temperature level instead of 
a descending series of levels as the stream of helium 
is progressively cooled. The entropy gained by the 
refrigerant would greatly exceed that lost by the 
helium. 

The only practicable way, probably, to cool a stream 
of fluid substantially, reversibly utilizes a second 
stream of the same or other fluid in an adiabatic coun- 
terflow heat exchanger. This principle is employed in 
the liquefying cycle described below. The second 
stream of cold gas is provided by the adiabatic ex- 
pansion in an engine of a part of the first stream. In 
its idealized form the cycle is shown in Fig. 2. A 
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Fic. 2. Idealized cycle for cooling a helium stream. 


large stream of helium circulates in the direction of 
the arrows. A small fraction of the stream is removed 
as liquid at 6, an equivalent amount of gaseous helium 
being added to the stream at 1. Isothermal compres- 
sion (1 to 2) oceurs in the compressor. Cooling of the 
compressed gas (2 to 5) is accomplished in the coun- 
terflow heat exchanger by the transfer of heat to the 
colder outgoing stream of low pressure gas (5’ to 1). 
A fraction of the stream of compressed helium at 2 
is expanded in an engine to 2’, where it joins the 
main stream of low pressure gas. The drop in tem- 
perature is a result of the external work done. Since 
helium is an almost perfect gas at higher tempera- 
tures, the preferred rate of flow through the first 
engine (2 to 2’) exactly equals the rate of liquefac- 
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tion. Under this condition the mass rate of flow in the 
high pressure channel of the heat exchanger (2 to 3) 
equals that in the low pressure channel (2’ to 1), and, 
consequently, the temperature drop from 2 to 3 equals 
the temperature rise from 2’ to 1. Assuming the heat 
exchanger to be perfect, no net gain of entropy occurs 
in this part of the heat exchanger, and thus far the 
process is reversible. For the next stage of cooling, a 
second fraction of the stream of compressed helium 
is split off at 3 and expanded in a second engine to 3’. 
At lower temperatures the effect of pressure upon the 
specific heat of helium is not negligible. If the tem- 
perature drop from 3 to 4 is to equal the temperature 
rise from 3’ to 2’, the mass rate of flow through the 
second engine (3 to 3’) must exceed slightly the rate 
of liquefaction. By so doing, complete reversibility in 
this section of the heat exchanger can be closely ap- 
proached. A third engine is indicated by the path 
4 to 5’. Finally, the remainder of the stream is ex- 
panded in a fourth engine. Even with a perfect heat 
exchanger and a perfect engine, however, this stage of 
the process is quite irreversible. Because of the rapidly 
rising specific heat of the high pressure stream, the 
unliquefied portion of the flow through the final en- 
gine plus the flow from the third engine (5’) must 
exchange heat with a fluid that is considerably 
warmer. There is, therefore, a large net increase in 
entropy in this section of the heat exchanger. The 
number of engines required in the cooling cycle just 
described depends upon the magnitude of the ratio of 
the pressures involved—the greater the pressure ratio, 
the smaller the number of engines. With high and low 
pressures of 12 atmospheres and one atmosphere, re- 
spectively, 5 engines would be indicated, and the work 
required would be 0.30 kwhr/I! of liquid helium as 
compared to 0.24 kwhr/| for a reversible process. 


DESCRIPTION OF LIQUEFIER 


A flow diagram of the actual cycle chosen is given 
in Fig. 3. It differs from the idealized cycle of Fig. 
2, not only because the heat exchangers and expan- 
sion engines are necessarily imperfect, but also be- 
cause practical considerations have influenced the 
choice of apparatus and procedures. For the sake of 
compactness of the liquefier and greater production 
of liquid from available compressed helium, liquid 
nitrogen is employed to the extent of its utility. The 
transfer of heat from gaseous helium to liquid nitro- 
gen evaporating at a constant temperature is irrever- 
sible, of course, and a net increase of entropy is in- 
eurred. A final difference lies in the substitution of 
a throttle valve for the fourth engine of the cycle of 
Fig. 2. 

In the flow diagram shown in Fig. 3, compressed 
helium (about 12 atm) from the compressor is treated 
for entrained oil in an oil trap and for vaporized oil 
in a refrigerated heat exchanger 3. Thereafter the 
stream divides, about 8 per cent going to heat ex- 
changer 4, in which it is cooled to 80° K by means 
of liquid nitrogen and then expanded in engine Z,, the 
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remainder going to the principal heat exchanger 5. 
The temperature of the gas in heat exchanger 5 ranges 
from room temperature at the upper end to 15° K 
at the bottom. At the zone of exchanger 5 where the 
temperature is 40°-45° K a second fraction (about 
15 per cent of the whole) of the compressed helium 
is led off for expansion in the second engine, F,. At 
the lower end of exchanger 5 a final division of the 
stream occurs. About 52 per cent is used in expan- 
sion engine EZ, and 25 per cent flows through the 
small exchangers 6 and 7 to the expansion valve D. 


FROM GAS HOLDER 
> ] 
LIQUID’ NITROGE 


FROM STORAGE 


= 


LIQUID HELIUM= 


4- STAGE 
COMPRESSOR 


Fic. 3. Flow diagram of helium liquefier. 


All the helium that enters exchanger 4 passes 
through engine E£,, the pressure falling to substan- 
tially one atmosphere and the temperature falling 
from 80° K to about 45° K. The expanded helium 
joins the low pressure stream in exchanger 5. All 
three engines are served by a single crankshaft and 
are identical in size. The bore is 2 inches, and the 
stroke is 2 inches. Each engine is comprised of a single 
cylinder. Although the three engines receive com- 
pressed helium from the same supply line and dis- 
charge their spent gas into the same low pressure con- 
duit, they operate at different temperature levels and 
embrace different sections of the heat exchange sys- 
tem. Helium enters FE, at about 45° K and is dis- 
charged at about 25° K. The inlet temperature of F, 
is about 15° K, and the outlet temperature is esti- 
mated to be about 9° K. 

Liquid helium forming at the throttle valve D drops 
into the bottom of the Dewar vessel in which the heat 
exchangers and engines are suspended. Space for 30 
liters is provided. 


September 19, 1952 


Certain features of the earlier helium eryostat (1) 
have been retained. The heat exchangers and engines, 
which hang from a steel plate, are surrounded by an 
atmosphere of helium rather than by the insulating 
vacuum. Minor leaks from the high pressure stream 
can be tolerated. The helium atmosphere is contained 
by a large metal Dewar vessel, the vacuum jacket of 
which is continuously pumped. The lower half of the 
inner wall of the vacuum jacket is enclosed by a 
nitrogen-cooled radiation shield. 

The engine cylinders and pistons are made of ni- 
trided nitralloy and are so closely fitted that piston 
rings are unnecessary. The piston rods are relatively 
long and slender, and are made to operate in tension 
to promote perfection of alignment of the piston 
within the cylinder. There exists a thermal gradient 
in the helium atmosphere surrounding the heat ex- 
changers and engines, the temperature being approxi- 
mately 295° K at the top and 4.2° K at the bottom. 
As far as practicable, the cylinders of the engines are 
located at the proper elevation for matching tem- 
peratures inside with outside in order to reduce con- 
vection to a minimum. The stuffing boxes for the pis- 
ton rods and valve pull rods and the running gear of 
the engines are placed on top of the lid of the Dewar 
so that heat generated in these parts can be kept out 
of the cold region. 

The piston rods and valve pull rods are attached 
to the ends of horizontal walking beams (2), as in 
ancient steam engines. The beams are 2 feet in length, 
are pivoted at one end, and~at the point immediately 
above the crankshaft are fitted with ball bearings to 
act as eam followers. With a stroke of only 2 inches 
the end of the piston rod travelling in an are of 2-foot 
radius is not pulled away from the vertical by an ap- 
preciable angle. Speed control is achieved by centri- 
fugal action of a split flywheel within a brake drum. 
The two halves of the flywheel are fitted with brake 
shoes. Speed is adjusted by changing the compression 
of a spring. This adjustment may be made while the 
engine is running. 


Tue Heat Excuance System 


The heat exchange system begins with the inter- 
coolers and aftercoolers of the compressor, indicated 
in Fig. 3 as 1. These are made of internally finned 
tubing that has two channels, one for helium flowing 
in one direction, the other for cooling water flowing 
in the opposite direction. Considerable care must be 
used to avoid excessive heating of the helium during 
compression. In low pressure liquefiers such as the 
one being described, a large volume of the gas is cir- 
culated through the compressor (in which it becomes 
saturated with oil), heat exchanger, and expansion 
engine again and again before a given portion is com- 
pletely liquefied. High temperatures during compres- 
sion would partially decompose the lubricating oil. 
The volatile fractions resulting from the decomposi- 
tion would eventually cause stoppage of the heat ex- 
changer in the cold zone or leakage of the valves of 


291 


> 
1 
\ 
= : 
= 
4 = 
2-4 = w 
Se 
| 
= 
Ey 
1 : = 
| 
| 
n 
a 
Leo 
e 
f 
n 
d 
e 
le 
f 
f 
d 
d 
il 
e 
is 
e 
6 = 


the expansion engines. By the use of four stages of 
compression, even though the highest pressure is only 
13 atmospheres, and by reduction of the temperature 
of the helium between stages to within a very few de- 
grees of that of the cooling water, damage to the lubri- 
eating oil is avoided so completely as to make un- 
necessary the use of charcoal or other absorptive 
purifying agent. 


Fic. 4. Hampson type exchanger under construction. 


Heat exchanger 2 is a zone of limited contact be- 
tween a stream of liquid nitrogen and the cold end 
of heat exchanger 3. Its sole purpose is to provide 
sufficient refrigeration to maintain the lower end of 
exchanger 3 at approximately 200° K. Heat exchanger 
3 is similar to exchanger 1 in that it is made of inter- 
nally finned tubing. The entire stream of compressed 
helium is cooled as it flows downward from room tem- 
perature to approximately 200° K and is immediately 
warmed up again during its return passage in the 
same exchanger. The purpose of this treatment is to 
condense oil vapor carried by the helium stream. 
Condensed oil collects in a chamber at the lower end 
of exchanger 3. The chamber is drained periodically. 

In heat exchanger 4, as indicated earlier, a small 
fraction of the compressed helium is cooled substan- 
tially to the boiling point of nitrogen by indirect con- 
tact, first with gaseous nitrogen, and then with liquid 
nitrogen. Thereafter this stream of compressed helium 
is expanded in engine 1. Heat exchangers 4, 5, 6, and 
7 are all of the Hampson type as to method of con- 
struction. Fig. 4 is a photograph of a partially com- 
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pleted exchanger. A bundle of small brass tubes (14” 
0.D.,1/10” I.D.) provides passage for the compressed 
helium. Low pressure helium (nitrogen in the case of 
exchanger 4) flows outside the tubes within the en- 
closing shell. Exchanger 4 contains 18 tubes approxi- 
mately 23 feet long. The number of tubes in each helix, 
counting from the innermost outward, is 1, 2, 2, 3, 3, 
3, 4. The outside diameter of the shell is 3 inches, and 
the length is 36 inches. 

Exchanger 5 contains 130 tubes approximately 60 
feet long and 30 tubes 40 feet long. There are 26 
layers of helices, the number of tubes per helix vary- 
ing as indicated by the following sequence of num- 
2, 2, 4, 4, 5,5, 6,. 10, 10, 10. 
The tubes are spaced from each other by winding 
around each tube a spiral of 0.019-inch copper wire. 
The 160 tubes are manifolded together at the upper 
end of the heat exchanger. The outermost 30 tubes 
(40 feet long) are brought together at their lower ends 
to supply compressed helium to engine 2. All the gas 
flowing through these tubes must pass through £,. 
The remaining 130 tubes are brought together at the 
bottom of the heat exchanger. The diameter of ex- 
changer 5 is 9.5 inches and 7.25 inches at top and 
bottom, respectively, and its length is 47 inches. 

Exchangers 6 and 7 are identical. Each contains 30 
tubes 11 feet long. 

The Hampson type of heat exchanger was chosen 
because of its compactness. As constructed, it is rather 
wasteful of refrigeration, but it has made possible a 
noteworthy condensation both in diameter and height 
of the assembly. Furthermore, the accessibility of the 
engines for maintenance is considerably greater than 
in the earlier model. There is, of course, no cold space 
for experiments. The machine is a simple liquefier. 

Multiple engines operating at different temperature 
levels, in addition to their primary function of almost 
reversible cooling of the fraction of gas ultimately 
liquefied, also provide substantial compensation for 
the inefficiency of the heat exchanger. By making the 
mass rate of flow of helium through F, and EZ, greater 
than the rate of liquefaction, the portion of exchanger 
5 above the discharge of Z, and the portion lying be- 
tween the inlet and discharge of EZ, are substantially 
unbalanced. The mass rate of flow of low pressure 
helium upward is greater than that of the high pres- 
sure stream downward. The net effect is to bring the 
temperature of the incoming high pressure helium 
very close to the discharge temperature of the respec- 
tive engine. Stated differently, by the expenditure of 
a slight amount of additional work in the compressor 
to provide excess flow of helium through FZ, and E, 
a mediocre heat exchanger can be made to approxi- 
mate, so far as cooling the incoming gas is concerned, 
the performance of a perfect exchanger. In operation, 
the temperature of the efficient gases is approximately 
12° C lower than that of the entering gas—an exces- 
sively large difference. At the zones where the gas dis- 
charged from the three engines, respectively, joins the 
low pressure stream, the temperature difference be- 
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tween incoming and outgoing helium is estimated to 
be only one to two degrees. The principle of unbalance- 
ing a heat exchanger in order to secure a closer tem- 
perature approach at one end or the other is, of 
course, well known. 

The short sections of exchanger 5 lying between the 
discharge of FE, and the inlet to 2, and between the 
discharge of E, and the inlet to #, provide valu- 
able protection against mismatching of temperatures 
resulting from failure of heat exchanger and engines 
to meet design criteria. 
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of liquefaction. If valve D is opened too wide, the 
temperature of the compressed helium entering FE, 
rises above 16° K. Conversely, if valve D is too nearly 
closed, the temperature in question becomes too low. 
When a favorable adjustment has been secured, the 
rate of liquefaction is 32 liters per hour. For small 
batches of liquid helium, cooling the apparatus repre- 
sents substantially the whole cost of production. For 
large batches of 25-50 liters the average cost per liter 
is quite small. This conelusion is predicated on the 
assumption that the evaporated helium will be saved 


Fic. 5. Three views of the heat exchanger—expansion engine assembly. 


PERFORMANCE 


The cool-down time of the liquefier is relatively 
short if liquid nitrogen or liquid air is available, rang- 
ing from 40 minutes when started within 24 hours 
after a previous run to 1 hour and 45 minutes if the 
apparatus must be cooled from room temperature. In 
the latter case approximately 40 liters of liquid nitro- 
gen would be consumed. 

The cool-down period can be shortened by partially 
opening valve C, which allows cold helium from ex- 
changer 4 to enter the space surrounding the heat 
exchange system. Its only means of escape is the low 
pressure channel through exchangers 7, 6, and 5 in 
the order mentioned. Cooling is thus applied directly 
to the lower end of the heat exchanger. Efficient use 
of valve C demands considerable attention from the 
operator. For that reason it is rarely used. 

Once the liquefaction temperature has been reached, 
expansion valve D is adjusted to maintain the inlet 
temperature of engine 3 at 14° to 16° K, experience 
having shown this condition to give the highest rate 
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for further use. If the gas is allowed to eseape to the 
atmosphere upon evaporation from the liquid state, 
the value of the helium itself must be considered. Pre- 
vailing retail rates of bottled helium are such that 
the helium in one liter of the liquid phase is valued 
at almost $3.00. This figure exceeds by far the cost 
of reducing the helium to the liquid state. 

Liquid nitrogen is not indispensable to the suecess- 
ful operation of the helium liquefier. Without it, of 
course, more time is required for cooling the appara- 
tus, and the rate of liquefaction drops from 32 liters 
to 10 liters per hour. Whenever liquid nitrogen is em- 
ployed it serves a dual purpose. About 95 per cent of 
the stream flows to exchanger 4 for cooling helium, 
the remainder to the radiation shield. No reservoir is 
provided in either place. A small stream of nitrogen 
flows continuously from an external storage vessel 
through the apparatus. It is vaporized and warmed 
approximately to room temperature during passage. 

Production rates given above refer to liquid stored 
within the liquefier. During transfer to external ves- 
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sels losses are incurred. About 6.5 liters are required 
to cool and fill a 4-liter glass Dewar. 

Helium-filled gas thermometers have been provided 
for temperature measurement. One is clipped to each 
inlet and each discharge pipe of the three engines. 
This method of application was chosen to permit easy 
assembly and disassembly of the engines without dam- 
age to the calibrated thermometers. The result is, how- 
ever, quite unsatisfactory. The thermometer bulbs 
seem to be influenced more by the helium atmosphere 
surrounding them than by the fluid flowing through 
the tube against which they are pressed, even though 
a l-inch layer of insulating material is wrapped 
around each assembly. 

Although absolute temperatures are unknown, the 
thermometer indications are useful during operation. 
As was mentioned earlier, an indicated temperature 
of 14°-16° at the inlet of engine 3 is a concomitant 
of high production. 

The engine efficiency is estimated to be 80 per cent. 
This estimate is based upon the performance of simi- 
lar engines fitted with thermocouples, the junctions of 
which were exposed directly to the gas streams enter- 
ing and leaving the cylinder. The efficiency of the 
expansion engine is necessarily very high; otherwise 
the results achieved would not be possible. 

Although the principal heat exchange is considered 
relatively inefficient, it has desirable qualities in addi- 
tion to compactness and convenience. Its resistance to 
flow on the low pressure side is extremely low. This 
contributes to its inefficiency but favors engine per- 
formance and reduces flashing of liquid helium during 
transfer. Increasing the length of the exchanger would 
improve efficiency but would increase the cool-down 
time and provide more bulk to be insulated. More 
elaborate preparation of suitable fixtures for use in 
its construction would undoubtedly have given a more 
uniform distribution of tubes throughout the volume 
of the exchanger, with a probable improvement of 
efficiency. 

Three views of the expansion engine—heat exchanger 
assembly are given in Fig. 5. Note the split flywheel 
and water-cooled brake drum for work dissipation. 
Although the power of the engine is almost 2 kw, its 


Fic. 6. External view of the liquefier. 


recovery would complicate the machinery to an objec- 
tionable extent. Fig. 6 shows the complete liquefier. 
The outer wall of the vacuum jacket is an iron cylin- 
der 18 inches in external diameter and 64 inches tall. 
The large cylinder seen beyond the liquefier is the 
helium refrigerator. 
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News and Notes 


Scientists in the News 


Hale Aarnes has been appointed chairman of the 
Edueation Department at the North Dakota Agricul- 
tural College. Dr. Aarnes will take charge of the 
teacher training and student teaching. Ernest Estensen 
will assume responsibility for coordinating graduat+ 
work in the department and will devote a major por- 
tion of his time to graduate teaching and research in 
education and psychology. He has also been appointed 
to the College Graduate Council to represent th 
School of Arts and Sciences. Merritt Flynn will be in 
charge of the teacher placement service. 


Samuel E. Q. Ashley, General Electric Company 
research engineer, attended the International Congress 
on Analytical Chemistry at Oxford, and a meeting of 
the International Union of Pure and Applied Chem- 
istry, of which he is secretary of the Analytieal See- 
tion. Following the meetings at Oxford, he planned to 
investigate industrial electrical applications of analyt- 
ical and inorganic chemistry in England, France, 
Switzerland, Germany, Sweden, and other European 
countries. 


Harlan P. Banks, professor of botany, has been ap- 
pointed head of the Botany Department at Cornell 
University. He succeeds Lewis Knudson, who retired 
July 1 after 44 years as a member of the Cornell 
faculty (Science, 116, 80 [1952]}). 


Oliver E. Buckley, chairman of the board of Bell 
Telephone Laboratories, Inc., retired Aug. 31, after 
38 years of service in the Bell System. He joined the 
Western Electric Company in 1914 as a research 
physicist and in 1925 was made assistant director of 
research of the Bell Telephone Laboratories. In 1936 
he became executive vice president and served as 
president from 1940 until 1951, when he was made 
chairman of the board. 


G. A. Cook is retiring as secretary of the Common- 
wealth Scientific and Industrial Research Organiza- 
tion following more than 30 years’ service with the 
organization and its predecessors, the Institute of 
Science and Industry and the Council for Scientific 
and Industrial Research. Mr. Cook joined the Insti- 
tute of Science and Industry as scientific abstractor 
in 1922, and in 1927 he was made assistant secretary 
of CSIR and for many years was also officer in 
charge of its Information Service. He succeeded G. 
Lightfoot as secretary in 1944. 


Carey Croneis, president of Beloit College, and 
Edward McCrady, vice chancellor of the University of 
the South, have been appointed to the Committee on 
Institutional Research Policy of the American Council 
on Edueation. The new members were selected to 
represent the point of view of the smaller colleges, 
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whose problems in relation to sponsored research 
differ somewhat from those of large universities. 


Richard Finsterwalder, geomorphologist and glaci- 
ologist, of Munich, Germany, who has done econsider- 
able work in the Alps and the Himalayas, was a re- 
cent visitor at the U. S. Geological Survey. 


Ralph W. Gerard has been appointed professor of 
neurophysiology at the University of Illinois College 
of Medicine. He will head the Research Laboratories 
of the Department of Psychiatry at the Illinois 
Neuropsychiatric Institute, and will have the rank of 
professor in the Department of Physiology. Dr. 
Gerard, currently president of the American Physio- 
logical Society, has held the rank of professor of 
physiology at the University of Chicago during the 
past 11 years, and has been associated continuously 
with that institution since 1927. 


Joel Hildebrand, emeritus professor of chemistry on 
the Berkeley campus of the University of California, 
has been appointed to the Spiers Memorial Lecture- 
ship of the Faraday Society. His lecture in London 
next April will open the 50-year jubilee meeting of 
the society. He will also go to the University of Notre 
Dame in November for six weeks as Riley Lecturer. 


Robert K. Mueller, of Hampden, Mass., has been 
appointed general manager of Monsanto Chemical 
Company’s Plasties Division, sueceeding vice president 
F. A. Abbiati, who died Aug. 13. The Plastics Division 
operates a headquarters plant at Springfield, Mass., 
and another plant at Port Plasties, Ohio (near Cin- 
cinnati). Mr. Mueller went to Monsanto in 1935 as a 
control chemist at the John F. Queeny plant in St. 
Louis. In 1938, he was transferred to Monsanto’s 
subsidiary Shawinigan Resins Corporation plant at 
Springfield, and in 1939 he went to the company’s 
Plastics Division there. He is a member of the Execu- 
tive Committee and Board of Directors of Shawinigan 
Resins Corporation. 


Warren O. Nelson, professor of anatomy in the 
State University of Iowa College of Medicine, was 
presented with the Award Prize of the American 
Urological Association during its annual meeting. Dr. 
Nelson received the award for his studies on the 
physiology of reproduction, particularly for those 
relating to human infertility. On the oceasion of its 
presentation he spoke on “Problems of Testicular 
Function.” 


Stanley F. Patten (USN, ret.) has been elected a 
director of Allen B. DuMont Laboratories. Admiral 
Patten has been with the company since his retirement 
from naval service in 1947. He was elected vice presi- 
dent in 1951. 


Maurice M. Rapport has returned to his position 
as associate research scientist with the Division of 
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Laboratories and Research, New York State Depart- 
ment of Health, Sloan-Kettering Institute, after 
spending a year in Rome with Daniel Bovet at the 
Istituto Superiore di Sanita, under a Fulbright grant. 


The Bell Company of Worcester, Mass., has ap- 
pointed Benjamin F. Roeder director of fabric re- 
search and development for Miron Mills, Ine., Bell 
Mills, Ine., and Wester Mills, Ine., all of which are 
New York subsidiaries of Bell. Mr. Roeder served as 
acting chief of the textile branch of the Office of Price 
Stabilization from December 1951, until last May. 
He was formerly with the Virginia Woolen Company. 


The Honor Scroll of the American Institute of 
Chemists, awarded annually by the Chicago Chapter 
for distinguished service to chemistry, will go this 
year to Bernard E. Schaar, president of Schaar and 
Company, Chicago. Mr. Schaar is being honored for 
his devotion to the interests of chemists as profes- 
sional men and as individuals and for his untiring 
efforts in advancing the profession. 


Joseph L. Stecher, assistant director of sales of 
Du Pont’s Petroleum Chemicals Division, is retiring 
after a 37-year career with the company. He had 
been connected with tetraethyl lead production and 
sales almost continuously since 1923, the year the first 
tetraethyl lead anti-kinock compounds for gasoline 
were marketed. 


Leland Stewart has been appointed assistant pro- 
fessor of chemistry at Wagner College. In addition 
to his teaching experience, Dr. Stewart did research 
and development with Du Pont for 18 years and was 
with the American Cyanamid Company for six years. 
During this period he was responsible for the train- 
ing and guidance of technical personnel. 


Sterling Tatsuji Takeuchi, Japanese scholar and 
historian, has been made visiting lecturer for the 
1952-53 academic year at the East Asian Institute 
of Columbia University. Professor Takeuchi will lee- 
ture on his country’s political institutions and post- 
war international position. He is a member of the 
faculty of Kwansai Gakuin University, Nishinomiya. 
In World War II the professor observed Japanese 
occupation policies in the Philippines and in Burma. 
A graduate of the University of Texas, he received 
his doctorate from the University of Chicago in 1931. 


Education 


The Geophysics Research Directorate of the Air 
Force Cambridge Research Center will hold the fol- 
lowing seminars at 415 Summer St., South Boston: 
Sept. 26, Dave Fultz, of the University of Chicago, 
“Some Current Problems Raised by Modeling Ex- 
periments for the Atmosphere;” Oct. 8, Aden B. 
Meinel, of Yerkes Observatory, “Studies of the Origin 
and Mechanisms of Auroral Emissions;” Oct. 15, 
I. L. Thomsen, director of the Carter Observatory, 
New Zealand, “Work on Solar and Terrestrial Rela- 
tionships in New Zealand;” Oct. 24, O. T. Fundings- 


land, “Laboratory Studies of Slow Electron Collisions 
in Gases;” Oct. 31, Arthur L. Aden, “Magneto- 
Hydrodynamics.” The last two speakers are members 
of the Directorate staff. 


Loyola University, Chicago, has added the following 
to the Department of Chemistry staff: Carl E. Moore, 
Harvey Posvie, John Huston, George J. Rotariu, 
and Herman A. Szymanski. 


Oak Ridge Institute of Nuclear Studies will hold 
basie courses in radioisotope techniques in research, 
Jan. 5, Feb. 2, and Mar. 2. Application blanks and 
other information on the one-month courses may 
be obtained from Ralph T. Overman, P. O. Box 117, 
Oak Ridge, Tenn. 


The semiannual “Frontiers in Chemistry” lectures 
at Wayne University, cosponsored by the Interna- 
tional Society of Friends of the Kresge-Hooker 
Library and the Wayne Department of Chemistry, 
will be held on Monday evenings beginning Oct. 6. 
Speakers will include Victor K. La Mer, E. R. H. 
Jones (of Manchester, England), H. A. Laitinen, 
Walter Seegers, Alfred B. Garrett, Klaus Hofmann, 
Max Tishler, and A. N. Holden. For additional in- 
formation, address George H. Colman, Kresge-Hooker 
Scientifie Library, Wayne University, Detroit. 


Grants and Fellowships 


The Medical Fellowship Board of the National 
Research Council has awarded 18 fellowships for 
1952-53, including 11 administered for the Rocke- 
feller Foundation, and 7 administered for the Lilly 
Research Laboratories. The fellows will study at 11 
U. S. universities or research laboratories and at 
Carlsberg Laboratory, Copenhagen (Donald W. 
Kupke, under K. Linderstrgm-Lang), and McGill 
University (Norman J. Nadler, under C. P. Leblond). 


The Pittsburgh Plate Glass Company will organize 
a new multiple fellowship at Mellon Institute this 
fall. The group will oceupy itself with basic studies in 
solid state physics, surface chemistry, and the chem- 
istry of molten inorganic systems. T. H. Davies, of the 
University of Chicago Institute for Nuclear Studies, 
will be administrative fellow. 


The Public Health Service has awarded a grant to 
the School of Tropical and Preventive Medicine, 
Loma Linda, Calif., for the study of Chagas’ disease 
in the Southwestern U. 8. The project will be directed 
by Raymond E. Ryckman, head of the Department of 
Entomology. 


Sharp & Dohme have renewed a $5000 research 
grant to the Department of Pediatrics, University of 
Texas, for clinical and laboratory evaluation of solu- 
ble pertussis vaccine, by Harriet Felton. 


The Social Research Foundation has awarded $25,- 
000 to the Washington School of Psychiatry for a 
study of schizophrenia to be made by Frieda Fromm- 
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Reichmann, chairman of the Council of Fellows of 
the school and director of research at Chestnut Lodge. 


In the Laboratories 


The Applied Physics Laboratory of The Johns Hop- 
kins University has added the following to its staff: 
Mary C. Williams; Arthur A. Westenberg, of La- 
fayette College; Tracy P. Moore, of the Bureau of 
Mines, Louisiana, Mo.; Sverre Kongelbeck, of Berke- 
ley, Calif.; Leland J. Luft, of Webster City (Ia.) 
Junior College; and Herbert A. Johnson and Owen 
J. Deters. Alvin G. Schulz, a former member of the 
Telemetering Group, has returned to work in the 
Missile Testing Group. 

At the University of California a new $4,500,000 
Chemistry-Geology Building opened for classes this 
month. It will have facilities for more than 2500 
chemistry students and laboratory space for 100 or 
more graduate students. The geology wing contains 
classroom-laboratories, research laboratories, seminar 
rooms, a library, museum, and space for the Institute 
of Geophysics. 

Cenco Corporation is constructing a new $100,000 
research and development laboratory in Chicago, 
which will enable the company to extend its activities 
in chemistry and electronics. Up to the present the 
company’s development of new products has been 
confined largely to the field of physics. 

New laboratories recently announced include: a 
new Applied Physics Laboratory, for The Johns 
Hopkins University, 15 miles from Silver Spring, 
Md. (construction expected to begin by early 1953) ; 
a $10,000,000 Department of Agriculture laboratory 
for the study of foot-and-mouth and other animal 
diseases, to be located on Plum Island, in Long Island 
Sound; an agricultural and biological research in- 
stallation at Creve Coeur, Mo., for the Organic 
Chemicals Division of Monsanto Chemical Company; 
a wind tunnel for testing model aircraft at transonic 
speeds, expected to be completed by the Navy in 
1953, at David Taylor Model Basin, Carderock, Md. 
(will include part of a former tunnel captured from 
Germany) ; a jet engine laboratory without need for 
jet engines, being established by Minneapolis-Honey- 
well Regulator Co., to permit design of jet controls 
without the necessity of leaving the ground; a $1,000,- 
000 general research laboratory opened by Interna- 
tional Minerals and Chemical Corp. in Skokie, IIl.; 
a $1,400,000 expansion program by Schering Corpo- 
ration, to be completed by the end of 1953, that will 
include enlargement of buildings in Union, N. J., and 
the construction of a new chemical manufacturing 
building. 

Procter & Gamble dedicated their new Miami Val- 
ley Laboratories Sept. 11-12. A staff of 300 will 
utilize radioactive tracers, high pressures, and other 
modern techniques in studies of consumer products. 
The buildings are located near Venice, Ohio, 17 miles 
from Cincinnati. James B. Conant was the principal 
speaker at the dedication ceremonies. 
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Meetings and Elections 


The American Malacological Union (affiliated with 
AAAS Section F) has elected the following officers: 
president, A. Byron Leonard; vice president, Joseph 
C. Bequaert; secretary-treasarer, Margaret C. Teskey. 
The following were elected councillors-at-large: R. 
Tucker Abbott, C. G. Aguayo (Havana), Ruth E. 
Coats, and Ruth D. Turner. 


The American Society of Professional Biologists, Inc., 
has elected the following officers: president, Alfred 
F. Borg; president-elect, John M. Hale; treasurer, 
Austin W. Morrill; district vice presidents: Western, 
Richard B. Johnson; Central, Paul J. Seyler; South- 
ern, John W. Foster; Northern, Clarence Horn. 


A Conference on the Standardization of Experi- 
mental Mice was held at Roseoe B. Jackson Memorial 
Laboratory early in August. Speakers included C. C. 
Little, Carl TenBroeck, John Fuller, Robert Speirs, 
Paul Sawin, and William 8. Murray, of the laboratory 
staff, and Paul Fenton, Harold P. Morris, James 
Leathem, and H. C. Schaeffer. A committee was set 
up to investigate standards for the proper nutrition 
of experimental animals, an important factor in be- 
havioral studies. Dr. Morris, of the National Cancer 
Institute, is head of the committee, and Meredith 
Runner, of the Jackson Memorial staff, is secretary. 


The Detroit Institute of Cancer Research will hold 
its fifth annual Scientific Meeting Oct. 20-22 in the 
auditorium of the Engineering Society of Detroit. 
Among the participants will be Paul Weiss, Carroll 
M. Williams, Konrad Bloch, C. B. Anfinsen, G. Go- 
mori, Jacob Furth, D. W. Woolley, Alexander Hol- 
laender, and Laurence H. Snyder. In a clinical pro- 
gram sponsored by the Southeastern Michigan 
Division of the American Cancer Society, the speakers 
will be Loyal Davis, Shields Warren, George T. Pack, 
and Sidney Farber. 


The Electron Microscope Society of America will 
hold its tenth annual meeting at the Hotel Statler, 
Cleveland, Nov. 6-8. Programs and abstracts of the 
papers to be presented will be available about Oct. 
15 from Carl E. Willoughby, program chairman, 
Du Pont Experimental Station, Wilmington 98, 
Del. Information about local arrangements may be 
obtained from Mary 8. Jaffe, LDL-85, General Elee- 
tric Company, Nela Park, Cleveland 12. 


The second International Congress on Physiopath- 
ology of Animal Reproduction and of Artificial In- 
semination, held at the Royal Veterinary and Agri- 
cultural College in Copenhagen July 7-11, was 
presided over by J. Hammond, of Cambridge. E. 
Sorensen acted as secretary-general, and the following 
presented papers in the plenary sessions: C. Thibault, 
A. Walton, S. A. Asdell, J. A. Laing, J. Anderson, 
and P. Sjollema. In addition, 65 other papers were 
presented. The congress appointed an International 
Standing Committee with representatives from Kenya, 
Italy, USA (two), Argentina, Germany, Australia, 
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England, Sweden, France, Denmark, and Holland. A 
representative of FAO is to be appointed. The Stand- 
ing Committee appointed the following Executive 
Committee: N. Lagerléf, president; E. Sérensen and 
Th. Stegenga, vice presidents; T. Bonadonna, secre- 
tary-general; and J. Hammond. As Professor Bona- 
donna is an Italian, the headquarters of the committee 
will remain in Milan at the Istituto Sperimentale 
Italiano “L. Spallanzani.” 


The New England Intercollegiate Geological Con- 
ference will hold its 45th annual meeting Oct. 18-19 
at Williamstown, Mass., to study the geology of 
northwestern Massachusetts and southwestern Ver- 
mont. The Geology Department of Williams College, 
of which Elwyn L. Perry is chairman, will be host. 
Requests for announcements should be sent to John 
B. Lucke, University of Connecticut, Storrs. 


A convocation on Science and Human Values will 
be held at Mount Holyoke College Oct. 3-4. Principal 
speaker will be Frederick A. Lindemann (Lord Cher- 
well), head of the atomic energy program in England 
and professor of experimental philosophy at Oxford 
University since 1921. Roger Adams, 1950 president 
of the AAAS, will conduct a panel on “Science, In- 
dustry and Education,” in which Meribeth E. Cam- 
eron, Karl T. Compton, George B. Kistiakowsky, 
Robert C. Swain, and Robert E. Wilson will partici- 
pate. In a panel on “Vanishing Boundaries in 
Science,” under the chairmanship of James R. Kil- 
lian, Jr., president of MIT, the following will speak: 
James B. Austin, Paul R. Burkholder, Gladys Emer- 
son, and Shields Warren. A third panel, on “Human 
Values in the World Today,” will be led by Archi- 
bald MacLeish. Participants will include Frederick 
M. Eliot, René d’Harnoncourt, Marjorie Nicolson, 
Whitney J. Oates, and David Riesman. 


Miscellaneous 


Columbia University and the government of Ber- 
muda will operate a seismological station on St. 
George Island, where a small station has been operat- 
ing under the Bermuda government and the U. S. 
Coast & Geodetic Survey. The affiliation with Co- 
lumbia’s Lamont Geological Observatory will add 
substantially to the station’s facilities. Eight new 
seismographs have been contributed by Columbia, in 
addition to the services of a resident seismologist, 
D. H. Shurbet, and several graduate students. All 
work will be under the direction of G. R. Hamilton, 
chief of the station. 


The National Science Foundation has appointed 
four new staff members. Fernandus Payne, of the 
University of Indiana, a long-time member of the 
AAAS Executive Committee and present chairman of 
its Publications Committee, will sueceed John Field 
as assistant director for the Division of Biological 
and Medical Sciences; Dr. Field is returning to his 
post as chairman of the Department of Physiology 
of the Medical School of the University of California 
at Los Angeles. He will continue to serve the founda- 


tion as a consultant. Louis Levin, head of the Bio- 
chemistry Branch, ONR, will become program direc- 
tor for regulatory biology; Frank H. Johnson, as- 
sociate professor of biology on leave from Princeton, 
has been appointed program director for develop- 
mental biology; and William L. Duren, Jr., of Tulane 
University, will be acting program director for mathe- 
matics for three months. 


New journals announced: The Annals of American 
Research, by the Public Affairs Press, 2153 Florida 
Ave., Washington 8, D. C.... Applied Microbiology, 
to begin publication in January 1953, under the 
auspices of the Society of American Bacteriologists. 
Bimonthly at $7.50 per year from Williams & Wil- 
kins Company, Baltimore, Md.... D. D. S., a digest 
of dental science, scheduled for October publication. 
Lester R. Cahn, Editor-in-Chief, 888 Park Ave.. 
New York 21. Monthly, $5.00; foreign, $6.00... . 
Laboratory Investigation, a journal of technical 
methods and pathology, sponsored by the Interna- 
tional Association of Medical Museums. Successor to 
Bulletin of the International Association of Medical 
Museums. Editor, Thomas D. Kinney, Cleveland City 
Hospital, 3396 Scranton Rd., Cleveland 9, Ohio. 
Quarterly at $8.00 from Paul B. Hoeber, Ine., 49 E. 
33rd St. New York 16. ... The Personnel and 
Guidance Journal, successor to Occupations. Official 
journal of the new American Personnel and Guidance 
Association. Will appear in October under the editor- 
ship of William D. Wilkins. $6.00 per year with 
membership in one of the APGA divisions. 


The Proceedings of the First International Cong- 
ress of Allergists, which will contain the 200 original 
papers read at the congress, held in Zurich last year, 
will be published this month. All papers will have 
summaries in French, German, and English. The 
book contains 1300 pages, costs 170 Swiss franes, 
and may be ordered from Interscience Publishers 
Ltd., 2a, Southampton Row, London, W.C. 1. 

The Smithsonian Institution has on hand a limited 
number of copies for public distribution of its Annual 
Report, with a General Appendix of articles on a 
great variety of scientific subjects. Scattered numbers 
are available, especially of issues since 1933, as well 
as separates of individual papers. Order by year or 
by title of article. Bulletins of the Bureau of Ameri- 
ean Ethnology, consisting of papers in ethnology, 
archaeology, linguistics, Indian music, ete., are also 
available, especially those published since 1928. Order 
by author and title. Requests for these publications, 
which will be sent free as long as the supply lasts, 
should be addressed to the Publications Division, 
Smithsonian Institution, Washington 25, D. C. 


The following have accepted membership on the 
Standing Committee on Mountain Structure in the 
Pacific Area: A. J. Eardley, of the University of Utah; 
J. V. Harrison, of Oxford University (temporarily 
at the University of Illinois) ; M. F. Glaessner, of the 
University of Adelaide; and T. Kobayashi, of the 
University of Tokyo. 
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Technical Papers 


Cytochrome ¢ Oxidase Activity During the 
Metamorphosis of Drosophila virilis 


Dietrich Bodenstein and Bertram Sacktor 
Medical Laboratories, Army Chemical Center, Maryland 


The cytochrome c oxidase activity during the meta- 
morphosis of the diapausing giant silkworm Platy- 
samia cecropia has recently been investigated by Wil- 
liams (1). He found that the activity of this system 
during pupal life follows a characteristic U-shaped 
curve and pointed out that rise of the oxidase activity 
and release of the hormone that causes the termination 
of the diapause coincide in time. From this evidence, 
he suggested that the observed metabolic changes in 
the cytochrome system may be part of the mechanism 
by which the hormone breaks diapause. Thompson (2) 
observed in adult male and female blowflies (Calli- 
phora) a slight decrease in the O, consumption after 
transplantation of 3 corpora allata from adult donors 
into adult male and female hosts. A possible effect of 
the corpus allatum hormone on the cytochrome system 
is thus indicated. Experiments by Wolsky (3) point 
in the same direction. He noticed that certain adult 
structures failed to develop after the cytochrome oxi- 
dase in Drosophila had been inhibited with carbon 
monoxide. Sacktor (4) has studied the cytochrome 
oxidase activity during the pupal life of houseflies 
and obtained a U-shaped curve similar to that found 
in P. cecropia. Despite these several lines of evidence, 
the nature of the relationship between the cytochrome 
oxidase system and the various hormonal factors con- 
cerned in growth and metamorphosis is not clear. 
Since the humoral situation that governs meta- 
morphosis in Drosophila is quite well known, the 
present study was undertaken in the hope of learn- 
ing something more about the supposed relationship 
between hormone and cytochrome oxidase activity. 

Two types of experiments were performed on males 
of D. virilis Sturtevant. In the first, cytochrome oxi- 
dase activity was determined for the pupal period, 
and for adults 1-4 days old, with the results given 
in Fig. 1. The determinations were made with the 
Beckman model DU spectrophotometer, following the 
method of Sacktor (5). In another series, for activity 
determinations on operated animals, Sacktor’s modi- 
fied method (6) was employed, using an optimum 
phosphate buffer, a higher temperature, and a more 
dilute homogenate. Thus the data given in the normal 
eurve (Fig. 1) and the results of paired experimental 
determinations given below are not directly compa- 
rable. The data in Fig. 1 are based on 119 pairs of 
specimens. The oxidase activity of each pair was deter- 
mined in duplicate. The first measurements were made 
on old last-stage larvae (circle) and show that the 
oxidase activity at this time is higher than in the 
newly formed prepupa. Fig. 1 shows that oxidase 
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Fic. 1. Cytochrome c oxidase activity of Drosophila virilis 
during the pupal period and the first four days of adult life. 
Abscissa: A, pupil period; B, adult period; O, puparium 
formation; 0,, emergence of fly. Ordinate: cytochrome c 

4 log [Cy Fe*+ 
oxidase activity —— 
numbers of pairs used for the determination of each age 
group. 


. Numbers above indicate 


activity decreases steadily during early pupal life, 
reaching its lowest value in the 2-day-old pupa. At 
this time a drastic change oceurs which results in a 
progressive increase in the oxidase activity. On emer- 
gence of the fly, the activity has reached a point well 
above that prevailing at the beginning of pupal life. 
In the young adult fly, the activity of the enzyme 
continues to rise and reaches its maximal height in 
the 2-day-old fly, where it remains for the following 
two observations. 

Efforts to alter the oxidase activity of young adult 
flies through humoral unbalance led to the following 
experiments. Twenty pairs of male flies 3 hr after 
emergence were divided into two equal groups. The 
flies of one group were then decapitated in such a 
way as to remove the corpora allata and corpora 
cardiaca with the head. The flies of the other group 
were also decapitated, but here the corpora allata and 
eardiaca were left in the headless individuals. If these 
operations are performed carefully, the headless flies 
live for 4 days or longer. The oxidase activity of both 
groups was determined 2 days after the operation. 
The enzyme of the group with glands removed had 
an activity of 0.085 + 0.0051 — 87 , and that 
of the group with glands in place, 0.091 + 0.0053 
A log [Cy Fe**] 

At 
ference between the two groups. Moreover, the ob- 
served enzyme activity in both decapitated groups is 
as high as expected of normal 2-day-old flies. The 
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presence of the corpus allatum and cardiacum is hence 
not necessary for the rise of the oxidase activity cus- 
tomarily observed after emergence. 

In another series of experiments, 3 ring glands from 
mature larvae were transplanted into a male host 3 hr 
after emergence. Ten pairs of such individuals were 
available for analysis. The transplanted gland is a 
compound structure containing, in addition to corpus 
allatum and cardiacum, a third group of cells that 
furnish the growth and differentiation hormone. As 
controls, 10 pairs of flies of the same age and sex 
were injected with Ringer’s solution. These individ- 
uals do not contain a source of the growth and dif- 
ferentiation hormone, since the portions of the ring 
gland that produce it have degenerated. The oxidase 
activity was determined in both groups 1 day after 
the operation. In the group bearing the transplant, 
the enzyme activity was found to be 0.108 + 0.0092 
A log [Cy Fe**] 

At 

A log [Cy Fet*] 
-eapitated animals, the enzyme activity in specimens 
with transplants has increased to a value normal for 
flies of this age, and that there is again no significant 
difference between the operated and control groups of 
animals. It will be noted that values obtained in the 
last experimental group are somewhat higher than 
those of the decapitation experiments, although the 
determinations with transplants were made on flies 
only 1 day old and should therefore be lower than 
those of the 2-day-old flies. The explanation for this 
is that the flies used in the first group were headless 
and came from cultures containing smaller flies. There 
is always some variation in the size of the flies. The 
pairs used for comparison were therefore taken from 
the same culture bottle in all cases and in addition 
were matched for size. This procedure allows a better 
comparison between animals in these experiments. 

It is tempting to compare the cytochrome c oxidase 
activity curve of flies with that of the P. cecropia 
moth. In the housefly (4) and in Drosophila the curves 
are very similar. The shape of the U is different in 
P. cecropia, for here the low point of the curve is not 
transient but lasts throughout the period of diapause. 
This difference is of interest. Shortly before pupation, 
the prothoracie gland hormone is active in both forms 
and causes the animal to pupate. In P. cecropia, the 
titer of prothoracic gland hormone is apparently only 
high enough to cause pupation but not the ensuing 
events of metamorphosis. The already low hormone 
titer continues to decrease after pupation, and it is 
for this reason that the animal goes into diapause. 
A new burst of hormone is needed to start the pupa 
on its way to adult development. When this occurs, 
the cytochrome oxidase activity rises. Thus the decline 
of the oxidase curve seems to be somehow related to 
the period of the decreasing hormone titer, and the 
rise of the oxidase to the period when the hormone 
concentration increases in the animal. In flies, on the 


and that for the controls 0.115 + 0.0094 


. These results show that, as in de- 
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contrary, such a relationship cannot be established. 
As in P. cecropia, however, the oxidase activity is 
high at pupation and declines thereafter. The sus- 
pected activity of the prothoracic gland follows this 
part of the oxidase curve very well, for it, too, is high 
at pupation and then falls off. In the 2-day-old pupa 
of Drosophila, the prothoracie gland is partially de- 
generated and, as experiments have shown (7), has 
lost its capacity to produce hormone. Thus in flies 
the subsequent rise of the oxidase is definitely not 
associated with an increase in hormone production. 
The negative results obtained here by introducing 
prothoracic gland hormone through the transplanta- 
tion of larval ring glands seem therefore not aston- 
ishing. 

As far as the corpora allata are concerned, they are 
active in young flies (8), but it is not known how soon 
before emergence of the fly their activity starts. The 
experimental evidence shows that removal of this 
gland from young adult flies does not prevent the 
normal rise of enzyme activity. 

Without further speculation, we must state that it 
is impossible at this stage of investigation to draw 
any conclusions as to the directness of action of the 
hormones on the cytochrome oxidase system in flies. 
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Thin Films of Supersaturated Solutions for 
Detecting, Counting, and Identifying 
Very Small Crystalline Particles* 


Bernard Vonnegut? 


General Electric Research Laboratory, 
Schenectady, New York 


A simple technique has been devised for making 
thin films of supersaturated solutions of a wide variety 
of erystalline solids. It has been found that these thin 
films are a useful tool for detecting, counting, and 
identifying very small crystalline aerosol particles. 

Films of solution supersaturated with respect to a 
given crystalline substance are prepared in the follow- 
ing way. Two miscible solvents are chosen in which 
the given substance is readily soluble, one of these 
solvents being quite volatile and the other nonvolatile. 
An unsaturated solution is prepared by dissolving the 
substance in the volatile solvent. This solution and the 
nonvolatile solvent are each put in burettes, so that 

1 Presented before the Conference on Interfacial Phenomena 


and Nucleation, Boston University, Aug. 21, 1951. 
2 Present address: Arthur D. Little, Inc., Cambridge, Mass. 
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mixtures of the two in any proportion can readily be 
prepared. Mixtures of the two liquids increasingly 
rich in the solute are made by adding more and more 
of the solution to the nonvolatile solvent. The mixture 
is tested from time to time by smearing a drop of it 
onto a glass mieroscope slide with a stirring rod. The 
volatile solvent rapidly evaporates, leaving a thin film 
of the substance dissolved in the nonvolatile solvent. 
As the ratio of the solute to the nonvolatile solvent is 
increased, a point is reached at which the residue ap- 
pears milky because of the formation of large num- 
bers of small erystals. This indicates that there is a 
sufficiently high degree of supersaturation in the 
residual film to produce spontaneous nucleation. If, 
then, a slight amount of the nonvolatile solvent is 
added to the mixture, it will be found that the residual 
solution film on the slide is highly supersaturated but 
that few, if any, crystals form. 

The solution mixture obtained in this manner ean 
be easily regulated to give a film of any desired degree 
of supersaturation by controlling the ratio of the 
solute to the nonvolatile solvent. The solution mixture 
is itself unsaturated and can be kept in a bottle indefi- 
nitely. A great many films can be prepared from a 
small quantity of the solution. 

The supersaturated films of solution prepared by 
this technique are a sensitive tool for detecting small 
crystalline particles with respect to which the solution 
is supersaturated. When such a crystalline particle 
comes into contact with the solution film, it rapidly 
grows to a size sufficiently large to be seen and counted 
with a microscope. In this laboratory, these super- 
saturated films have been used to detect and count 
aerosol particles of sodium chloride and silver iodide 
having particle diameters of the order of 100 A. 

In the case of the sodium chloride solution, water 
was used as the volatile solvent and glycerine as the 
nonvolatile solvent. In the ease of silver iodide, a solu- 
tion of sodium iodide in acetone was used as the vola- 
tile solvent, and triethylene glycol was used as the 
nonvolatile solvent. 

The simplest way to use the films to detect these 
aerosols is to expose the film directly to the aerosol 
and to allow the particles to land on it by diffusion. 
In general, this method works quite well; it is, how- 
ever, subject to certain drawbacks. If the film is to be 
exposed for more than a few minutes, the first few 
particles which land will grow and thereby reduce the 
supersaturation of the solution to such an extent that 
particles arriving later will not grow. A better system 
for examining particles collected over a period of time 
is to precipitate them first on a clean surface and then 
to bring this surface into contact with a freshly pre- 
pared supersaturated film. Each particle then starts 
growing at the same time, and all grow to an equal 
size. 

In general, the supersaturation of films prepared 
from a solution will vary somewhat with temperature 
and humidity. For reproducible results, it is desirable 
that the films be formed at some standard tempera- 
ture and humidity. By using the technique in which a 
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sample of particles is first taken on a clean slide and 
then brought into contact with the supersaturated film, 
it is possible to use the films under standardized tem- 
perature and humidity. 

Another method of forming supersaturated solu- 
tions for detecting particles on a surface is to spray 
the solution mixture from a spray nozzle onto the 
surface. By using a very volatile solvent (such as 
acetone) the spray can be arranged so that the vola- 
tile solvent evaporates as the spray drops pass 
through the air and the drops are supersaturated as 
they land on the surface. 

One would expect, by analogy with the action of 
silver iodide (1) as an ice-forming nucleus, that super- 
saturated films of one substance might be nucleated 
by other substances having a similar crystalline strue- 
ture. This fact will doubtless cause some ambiguity 
when the films are used to identify particles, but in 
some cases it may permit the use of a solution of one 
substance to identify particles of another insoluble 
substance having a similar structure. 

The preliminary work which has been done with 
supersaturated films suggests that the technique may 
have general use as a tool for particle counting and 
identification and as a method for investigating the 
kineties of homogeneous and heterogeneous nucleation. 


Reference 
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Algebraic Relationships Between Digestion 
Coefficients Determined by the Conventional 
Method and by Indicator Methods 


H. L. Lucas 


Institute of Statistics, University of 
North Carolina, Raleigh 


In studies on the usefulness of indicator methods 
for the determination of coefficients of apparent di- 
gestibility, it is often desired to compare the results 
obtained by the indicator method with those obtained 
by the conventional method in the same series of trials. 
The indicator methods require an assumption as to the 
recovery of the indicator. Hence, it is desirable, if 
using the indicator method alone, to ascertain the con- 
sequences of making an incorrect assumption about 
recovery. There obviously exist algebraic relationships 
between the two methods of determining digestibility. 
If applied, these may be saving of computational time 
when comparing the two approaches, and they also 
allow an assessment of the consequences of an errone- 
ous assumption regarding recovery of the indicator. 
These relationships seem generally not to be known. 

In the conventional approach, the percentage ap- 
parent digestibility of a given nutrient is computed 
by the formula 

100 pw, 
~ ew 


d= 100 (1) 
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in which d= pereentage apparent digestibility of the 
nutrient determined by the conventional method; p= 
percentage content of the nutrient in the feces; w, = 
weight of feces excreted; c=percentage content of 
the nutrient in the feed; and w=weight of feed con- 
sumed. 
The formula for obtaining apparent digestibility by 
the indicator procedure is 
a* = 100-7 (2) 
t 
in which p and ¢ are defined as for (1) and d* = per- 
centage apparent digestibility of the nutrient deter- 
mined by the indicator method; r* =the assumed re- 
covery of the indicator in percentage; c;= percentage 
content of the indicator in the feed; and p;= percent- 
age content of the indicator in the feces. If the true 
recovery of the indicator were taken into account, (2) 
would be 
rpe; 
(3) 
in which r=true recovery of the indicator in percent- 
age, and the other symbols are defined as before. 
It is evident that (1) and (3) give identical results 
because 
r=100 Pie | 


The relationship between d* and d can be obtained 


in the other, and rearranging. This yields 


r* (100-4) 


. 
by solving for Pe in either (2) or (3), substituting 
pie 


a* = 100- (4a) 


or 


d=100- 


r(100 
(4b) 


It follows from (4a) and (4b) that the difference 
between the results of the conventional and indicator 
methods—i.e., d- d*—is given by 


*—r) (100-4 

(5a) 

or 

(r* —r) (100 - d*) 


d 


(5b) 


From (4a) and (4b) it is seen that both basic 
formulas need not be used when comparing the con- 
ventional and indicator methods in the same series of 
trials. Either d or d* may be computed, and the other 
may be obtained by (4a) or (4b), using the observed 
and assumed recoveries of the indicator. The possible 
errors due to an erroneous assumption about recovery 
when using the indicator approach alone can be ascer- 
tained from (5b) by inserting reasonable limits for 
the true recovery, r. 

The usual assumption is that the recovery of the 
indicator is 100%; ie., r*=100. The formulas above 
apply, however, for any assumed values of r* and any 
observed or postulated values of r. 
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Influence of pH on Phosphatase Activity 
of Rat Seminal Vesicles 


J. C. Porter and R. M. Melampy 
Iowa Agricultural Experiment Station, Ames* 


The physiological significance of the phospho-mono- 
esterases has been reviewed by Moog (1) and Sumner 
and Myrbiick (2). Also, Mann and Lutwak-Mann (3) 
have recently emphasized the importance of these en- 
zymes in the functioning of the male accessory organs. 
Stafford, Rubinstein, and Meyer (4) made quantita- 
tive estimations at pH 5.4 and 9.7 of acid phosphatase 
(AcP-ase) and alkaline phosphatase (AlP-ase) in rat 
seminal vesicles, using a modification of the Huggins- 
Talalay procedure. 

This investigation was undertaken to determine the 
pH optima for AcP-ase and AlP-ase of rat seminal 
vesicles, since a survey of the literature indicates an 
absence of such data for these glands. Tissue was ob- 
tained from 21 male rats (mean and SE: 255+3 g). 
After separating the coagulating glands from the 
seminal vesicles, the latter were removed. The vesicles 
were split and then blotted to remove the secretion. 
After weighing each lobe, one was used for dry-weight 
determination and the other ground in 0.9% NaCl. 
The resulting mixture was diluted to 20 ml and al- 
lowed to extract for 5 min. The mixture was then 
centrifuged, and the supernatant decanted. 

A modification of the phosphatase procedure de- 
seribed by Greenberg, Lucia, and Weitzman (5) was 
used in this investigation. For determinations between 
pH 2 and 8, 0.5 ml of tissue extract was mixed with 
5 ml of the Michaelis (6) acetate-veronal buffer con- 
taining 15 mg disodium phenylphosphate, and for 
reactions between pH 9 and 12.7, 0.2 ml was mixed 
with 5 ml of the Sorensen glycine buffer (7) con- 
taining the same amount of substrate. Final pH was 
adjusted with a Beckman pH-meter and corrected for 
the Na ion effect. The reaction mixtures were incu- 
bated in a water bath for 1 hr at 37° C. After ineu- 
bation, the tubes containing the reaction mixtures were 
chilled in an ice bath, and 2.5 ml of 20% trichloracetic 
acid was added to each. Controls were run for each 
determination by incubating the appropriate buffer- 
substrate for 1 hr at 37° C and then adding either 
0.5 or 0.2 ml of test solution before protein precipita- 
tion. After precipitation, all tubes were allowed to 
stand for 1 hr before centrifuging. Five ml of the 
supernatant solution was transferred to a Klett color- 
imeter tube and neutralized with M NaOH, followed 
by 1 ml of 2 M NaOH. The tubes were placed in a 
water bath for 10 min at 37° C before adding 2 ml 
diluted (1:3) Folin-Ciocalteu phenol reagent. The 
contents of the tubes were then diluted to 10 ml and 
allowed to stand in a water bath at 37° C for 20 min 

1This project is supported in part by funds furnished by 
Dairy Genetics, Des Moines; Eastern Iowa Artificial Breed- 
ing Association, Cedar Rapids; and Northwest Iowa Fed- 


erated Breeders Cooperative, Sheldon, Iowa. Project 936. 
Journal paper No. J-2090. 
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for color development before reading in a Klett-Sum- 
merson colorimeter, using a 540 filter. The instrument 
was set at 0 with distilled water. A phosphatase unit 
is the mg of tyrosine equivalent to the phenol liberated 
from the substrate per g dry weight of tissue per hr. 
A standard curve was prepared with L-tyrosine ac- 
cording to Greenberg, Lucia, and Weitzman (5). 

The activities of AcP-ase and AlP-ase of seminal 
vesicle tissue at various pH values is shown in Fig. 1. 
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Fic. 1, Phosphatase activity of rat seminal vesicles as in- 
fluenced by pH. Phosphatase units expressed as means and 
SE. Number of animals used for each pH value is indicated 
above mean. 


Maximum AcP-ase activity was obtained at pH 5.0, 
whereas maximum for AlP-ase was at 10.6. It is sig- 
nificant that within the pH range usually associated 
with intracellular functions the activities of these en- 
zymes are considerably less than their maxima. 
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Differentiation of Nucleic Acids and Acid 
Mucopolysaccharides in Histologic 
Sections by Selective Extraction 

with Acids* 


William B. Atkinson? 


Department of Anatomy, College of Medicine, 
University of Cincinnati, Cincinnati, Obio 


The markedly basophilic substances in sections of 
fixed tissues prepared by the paraffin technique fall 

1 This work has been aided by a grant from the Montgom- 
ery County Society for Cancer Control, Dayton, Ohio. 


*The invaluable technical assistance of Louise L. Brown 
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into two principal groups, nucleic acids and acid mu- 
copolysaccharides. The affinity of the former for basic 
dyes is attributable to their phosphoric acid meiety, 
whereas the staining of the latter is due to their com- 
ponent sulfuric or glucuronic acid (1). The histo- 
chemical methods devised for the microscopic demon- 
stration of these substances have been based on one 
of two principles: identification by properties other 
than basophilia—e.g., the Feulgen nucleal reaction 
for desoxyribonucleie acid; or the use of basic dyes 
in conjunction with the differential extraction of vari- 
ous of the stainable substances. The present investiga- 
tion is concerned only with the latter method. 

The first tinctorial method developed for the histo- 
chemical demonstration of RNA was based on its re- 
moval from tissue sections by the enzymatic action of 
relatively erude preparations of ribonuclease (2). 
Sites of RNA were determined by comparing the dis- 
tribution of stainable material in parallel digested and 
undigested sections. Although the technique was re- 
fined by subsequent investigators (3), it has remained 
of -limited usefulness -because-of the diffieulties-in- 
volved in the preparation of ribonuclease and because 
of the high cost of the commercial enzyme. No satis- 
factory method has been devised for the removal of 
acid mucopolysaccharides as a group, although the 
preliminary results obtained with pectinases (4) war- 
rant further investigation. The distribution of hyal- 
uronic acid has been demonstrated successfully in a 
number of mammalian tissues by the use of hyaluron- 
idase (5). 

The disadvantages of the enzymatie method for the 
extraction of RNA from tissue sections appeared to 
have been eliminated by the recent introduction of 
perchloric acid (HC1O,) (6-8), based on the proce- 
dure developed by Ogur and Rosen (9, 10) for the 
separation of RNA from DNA components in the 
residue of plant and animal tissue homogenates after 
the removal of aleohol- and acid-soluble compounds 
and phospholipids. The substitution of HClO, for 
ribonuclease in the differentiation of RNA from DNA 
in paraffin sections seems to be justified. However, 
the effect of HClO, on the subsequent stainability of 
acid mucopolysaccharides and, therefore, the value 
of the reagent in distinguishing cytoplasmic RNA 
from these substances have not been considered. 
Neither has the efficiency of HClO, been compared 
with that of hydrochloric acid and trichloracetic acid 


TABLE 1 
EFFECT OF FIXATION ON EXTRACTION OF 
RNA FROM LIVER 
(N HClO, at 5° C for 18 hr) 


Un Cyto- 


hro- 
Fixative H,0 matin 
Zenker’s +++ ++ + +t 
Carnoy’s ++ +++ 
Ca-formal +++ +++ “4 ++ 
89% Ethanol +++ +++ ++ 
PAF +++ +++ + +++ 
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(CCl,COOH), which have also been used to extract 
nucleic acids from fixed tissues (11, 12). The present 
experiments were designed, therefore, to determine 
the relative extractability of RNA, DNA, and several 
representative acid mucopolysaccharides from paraffin 
sections of fixed tissues by treatment with normal 
solutions of HCl, HC1O,, and CCl,COOH under vari- 
ous conditions of time and temperature. 

The tissues selected as test material were chosen 
because the morphologic distribution of their com- 
ponent nucleic acids and acid mucopolysaccharides 
has been well established by previous histochemical 
studies. The parenchymal cells of rat and mouse liver 
and rat pancreas were used for cytoplasmic RNA, the 


chromatin of rat lymphocytes for DNA. Representa- 
tive acid mucopolysaccharides were provided by the 
mast cell granules of the rat (heparin), the matrix of 
the tracheal cartilages of the rat (chondroitin sul- 
fate), and the mucus of the human uterine endocervix 
(mucoitin sulfate). The mouse liver was fixed in 80% 
ethyl alcohol, calcium chloride-formalin, aleoholic 
picro-formalin (PAF), Carnoy’s fluid, and Zenker’s 
fluid; the remaining tissues were fixed in PAF. The 
specimens were embedded in paraffin. Sections were 
eut at 64 and were mounted on glass slides by means 
of a dilute solution of Mayer’s albumen in distilled 
water. Treated and untreated sections were stained for 
1 hr at room temperature in 0.01 M toluidine blue in 


TABLE 2 
EXTRACTION OF PAF-Frrxep BASOPHILIC SUBSTANCES BY NORMAL ACIDS 


Cytoplasmie RNA Acid mucopolysaccharide 
Agent var Time : ow te : 
(Cc) Liver Pancreas — Mucus Mast cells Cartilage 
None t+ +++ t+ +++ +++ 
H,O 5 30 hr ++ +++ +++ 
HCl 5 18 +++ +++ +++ 
5 24 + ++ +++ ++ +++ +4++ 
5 30 ** + ++ +++ + ++ +++ 
HClO, 5 18 + + +H + H+ 
5 24 + + +++ + 
5 30 0 + +++ + ++ 
CCl,COOH 5 18 H+ H+ 
5 24 ++ +++ tHe 
5 30 +++ +++ +++ +++ +++ +++ 
H,O 37 +++ +++ +H +++ 
HCl 37 + s+ + 
37 0 ++ 0 +++ 
37 0 0 +++ 
37 tag 0 + ++ + + at 
37 0 + 0 + 
CCl,COOH 37 ++ + + ++ ++ 
37 Tbe + ~ HH + ++ tt 
37 he 0 0 + 0 + ++ 
H,O 60 15 min + ++ ++ +H 
60 30 + + +++ + 
60 45 ‘6 0 + ++ = +++ +++ 
HCl 60 | 0 0 +++ 0 +++ +++ 
60 30 ‘* 0 0 Irregular 0 ++ ++ 
60 45 << 0 0 0 0 +H +h 
60 16 0 0 Irregular 0 + +H+ 
60 ilar 0 0 = 0 + ++ 
60 45 < 0 0 ae 0 + +4 
CCl,COOH 60 0 0 +H+ 0 + 
60 30 ‘ 0 0 ++ 0 + ++ 
60 45 ‘ 0 0 Irregular 0 + +H 
H,O 90 +++ ++ +++ +++ 
90 mee +++ +++ +++ + +++ +++ 
90 +++ +++ +++ + +++ +++ 
HCl 90 G+ 0 0 0 0 a ++ 
90 0 0 0 0 + 
90 1B ** 0 0 0 0 0 0 
HClO, 90 0 0 Irregular 0 0 + 
90 ao 0 0 + 0 0 0 
90 owe 0 0 0 0 0 0 
CCl,COOH 90 0 0 Irregular 0 0 + 
90 10 *¢ 0 0 + 0 0 + 
90 a 0 0 0 0 0 + 
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0.1 M citrate buffer at pH 4.5. After being rinsed in 
distilled water, the stained sections were dehydrated 
in ethyl aleohol and mounted in xylene-damar . 

Normal solutions of HCl, HCIO,, and CCl,COOH 
were prepared from C.P. reagents by electrometric 
titration with N NaOH. The pH of the normal acids 
at room temperature was 0.05, 0.00, aud 0.29, respec- 
tively. Mounted tissue sections were incubated in each 
of the acids and in distilled water under various con- 
ditions of time and temperature prior to staining. 
The basophilia of each of the tissue components under 
study was then compared with that exhibited in 
stained sections that had not been incubated in either 
acid or distilled water. It should be noted that the 
depth of staining of each component in untreated sec- 
tions was recorded as “three plus” (+++), although 
in reality the basophilia of the different substances 
varied in intensity. The experimental conditions and 
observations are summarized in Tables 1 and 2. 

It can be readily seen from Table 1 that the method 
of fixation considerably alters the extractability of 
RNA by cold HCIO,. This observation explains the 
failure of the method when applied to paraffin sec- 
tions of Zenker-fixed tissue (8) after its initial suc- 
cessful use with aleohol-fixed material (6). The in- 
creased acid-resistance of RNA in paraffinized fixed 
tissues, however, is due in large part to the embedding 
process, since RNA is readily removed from frozen 
sections of Zenker-fixed material (8). The present 
data concerning the effects of time and temperature 
on the action of HClO, on the stainability of nucleic 
acids (Table 2) are in substantial agreement with 
the observations of previous investigators in that (1) 
the extractability of RNA varies in different tissues, 
(2) the rate of extraction increases with temperature, 
and (3) at elevated temperatures both RNA and DNA 
may be completely removed from the sections. In ad- 
dition, the present studies demonstrate that the stain- 
ability of acid mucopolysaccharides is similarly af- 
fected. The ready extractability of epithelial mucus, 
in particular, precludes the use of this method on tis- 
sues which may contain both cytoplasmic RNA and 
mucin; e.g., vaginal epithelium, anterior lobe of the 
pituitary, salivary glands, ete. At present, then, it 
would be advisable to use the ribonuclease technique 
under such circumstances. 

The results obtained with HCl and CCl,COOH are, 
in general, qualitatively similar to those obtained with 
HCl10,, although under the same conditions of time 
and temperature the amounts of basophilic material 
extracted by the three acids differed. It is of interest 
to note that DNA, heparin, and chondroitin sulfate 
apparently are hydrolyzed at a slower rate in HCl 
than in either HClO, or CCl,COOH (most evident at 
37° C), whereas HCl is almost equally as effective as 
HClO, in removing RNA. This property of HCl 
should be advantageous in the differentiation of RNA 
from DNA, but the ready solubility of epithelial 
mucus may limit the wider application of the method 
as noted above. 

The present experiments have provided specific data 


September 19, 1952 


on the acid-extractability of but a few representative 
acid mucopolysaccharides and nucleic acids in PAF- 
fixed mammalian tissues. The results, however, indi- 
eate that HCl, HCIO,, and CCl,COOH are nonspecific 
in action and may remove members of both these 
groups of basophilic compounds, depending on the cir- 
eumstances. In the histochemical differentiation of 
RNA from DNA, acid extraction may be substituted 
for ribonuclease digestion only in the absence of ex- 
tractable acid mucopolysaccharides and only when the 
conditions of time and temperature are empirically 
determined for the particular organ to be studied and 
fixative used. 
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The Accuracy and Convenience of 
Silicone-treated Microliter Pipettes 


Edward L. Duggan and Kendric C. Smith 


Department of Biochemistry, University of California 
School of Medicine, Berkeley 


The present deserved popularity of paper chro- 
matographic techniques has resulted in the widespread 
use of microliter pipettes, with occasional misunder- 
standing of their proper usage or inherent accuracy. 
Existing methods of calibration (1) of pipettes of less 
than 100 ul capacity are based upon the weight of 
mereury contained in the dry pipette. Thus, such 
pipettes are capable of accurate and reproducible 
content but not of delivery. 

The advent of silicone mixtures (2, 3) that may be 
applied to general glassware to produce water-repel- 
lent surfaces promises great improvement in quanti- 
tative techniques, along the lines indicated by Gil- 
bert (3). This paper enumerates several advantages 
which acerue to microliter chemistry by the use of 
water-repellent coatings. 

To test the efficacy of such coatings in permitting 
the use of 10-ul pipettes for delivery, two such 
pipettes (Microchemical Specialties No. 280B) were 
treated with Desicote according to the procedure out- 
lined in the manufacturer’s bulletin (2). 
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A calibration of the pipettes under conditions of 
use was accomplished using potentiometric titration 
of the acid delivery from each pipette. A calibrated 
10-ml microburette was used for the titrations, the 
capillary tip dipping into the solution being titrated. 
The sulfuric acid delivered by the micropipettes was 
13.54 N; titrant alkali was 0.018 N. The titration ratio 
between acid and alkali was determined for 1.00-ml 
samples of the diluted acid after accurate 1 :100 
dilution, using Normax pipette and volumetric flask. 
Replicate titers to pH 5.3! were 7.361, 7.358, and 
7.360 ml, yielding an average of 7.360 ml+0.003 SE. 
Considering the dilution factor, the average titer thus 
represents a 10.00 ul delivery of the 13.54 N acid. The 
micropipette volume may be calculated from the rela- 
tion: Average volume = (average titer in ml/7.360 
ml) x10.00 ul. The chief source of error in this 
calibration method is the error of dilution of the con- 
centrated acid. 


TABLE 1 
COMPARATIVE CALIBRATION OF 10-MICROLITER PIPETTES 


Mercury content Acid delivery 


Pipette—— 
No. Repli- Repli- 
cates Av+8E cates Av+SE° 
1 3 9.968 + .006 pl 2 9.961 + .009 pl 
2 4 9.858 + .020 2 9.841 + .000 


| S(d2) 


* Standard error = 


For comparison, the pipettes were also calibrated 
with mereury by the method of Kirk (1). The results 
given in Table .1 show. that-the two methods agree 
to better than 0.1% and demonstrate an equality be- 
tween content and delivery for silicone- treated micro- 
pipettes. 

Complete delivery of the coneentrated acid from 
the treated pipettes is indicated by the close agree- 
ment among replicate titers of single deliveries (with- 
out rinses), and by the agreement obtained between 
mereury content and acid delivery. In order to con- 
firm complete delivery, the second pipette was tested 
for “holdup” of acid by rinsing with several portions 
of the titration mixture after the end point of pH 5.3 
was reached. This caused a shift of less than 0.03 pH 
unit below the end point value. A retention of 10-° ul 
of 13.54 N acid on the inner surface of the pipette 
would result in lowering the pH of the unbuffered 
titration mixture by more than 0.3 pH unit. There- 
fore, the “holdup” of acid by this pipette was less 
than 10-° ul. 

The acid delivery method of calibration may per- 
haps be preferred by workers who have used neither 
method previously. It has the advantage of simulat- 
ing conditions of pipette use by the operator, thus 
providing a check of the operator’s technique at the 
time of calibration. Presumably the potentiometric 


1The end point was arbitrarily taken as pH 5.3 to mini- 
mize carbon dioxide absorption during the titration. 
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titration of acid delivery could be replaced by titra- 
tion using the double indicator of Hawes and Ska- 
vinski (4) without great loss of accuracy for the 
calibration procedure. 

Several precautions should be noted with regard to 
the use of a silicone on pipettes. The coating becomes 
imperfectly water-repellent unless carefully stored 
completely dry or completely wet so that occasional 
repetition of the silicone treatment is necessary. Un- 
less it is subsequently demonstrated that the technique 
of silicone removal and recoating does not lead to 
changed pipette volumes, calibration after each cycle 
is necessary. 

Silicone coating of microliter pipettes of the self- 
adjusting type (Microchemical Specialties No. 282A- 
283B) provides even greater convenience in their use. 
Certain of these pipettes, before treating with silicone, 
will hold several microliters of drainage liquid between 
the upper capillary and the bulb, which is difficult to 
recover by rinsing. After siliconing, such pipettes 
drain completely so that no visible trapping of the 
drainage volume occurs. 

It is apparent from these results that water-repel- 
lent coating, such as that provided by Desicote, may 
introduce an era of accurate and convenient volume 
measurement for microliter chemistry as well as for 
macro-analysis. Such a coating provides equality be- 
tween content and delivery for these 10-ul pipettes, 
and presumably for larger micropipettes as well (3). 
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Propagation of a Strain of Endamoeba 
histolytica in Tissue-bearing Culture 


James G. Shaffer* and Henry S. Sienkiewicz? 


Department of Microbiology, School of Medicine, 
University of Louisville, Louisville, Kentucky 


It is not known whether Endamoeba histolytica can 
invade host tissues by virtue of its own invasive 
properties or whether in some way certain becteria 
lend assistance in the invasion of the tissues and, 
perhaps, contribute to the production of the character- 
istic lesions seen in patients with amebiasis. The ex- 
periments to be reported here were undertaken with 
the thought that if EL. histolytica could be established 
in cultures containing animal tissues of various kinds, 
free of bacteria, it would be possible to study (a) the 
mode of entry of the amebae into the tissues, (b) the 

1 Present address : The Chicago Medical School, 710 8S. Wol- 
eott Ave., Chicago 12, Ill. 


2 Aided by a grant from the National Microbiological In- 
stitute, National Institutes of Health, USPHS. 
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effects of the amebae on these tissues, (c) tissue speci- 
ficity of the amebae, if any, (d) the influence of cer- 
tain baeteria on the ability of the amebae to invade 
and damage the tissues, and (¢) the effects of thera- 
peutie agents on the amebae. 

Chick embryo tissues were used in the experiments 
because they were readily available and tests could be 
made using embryos of specified ages. Since EF. histo- 
lytica propagates only under anaerobic conditions by 
all known cultural techniques, it was desirable to use 
a tissue capable of existing and probably proliferating 
at low oxidation-reduction potentials. Accordingly, 
chick embryos of 4-5 days’ ineubation at 39° C were 
used. The source of eggs for these experiments was a 
hatchery with pullorum-free, heavy breed chickens. 

Two methods were used. The first was as follows: 
The embryo was removed from the shell, washed with 
Hank’s balanced salt solution, and eut into three or 
four segments 2-4 mm in diameter. The cut segments 
were transferred to a 16x 150 mm culture tube con- 
taining 2 ml of tissue culture nutrient fluid made up 
as follows: 


Hank’s balanced salt solution 22.5 ml 
Normal horse serum 25.0 ** 
Chick embryo extract (EE,,) 
Penicillin G (2500 u) .......... 

Total 50.0 


Approximately 3000 EF. histolytica trophozoites 
(200 strain*), washed with balanced salt solution and 
suspended in chick embryo extract (0.2 ml EE;,), 
were then inoculated into the tissue culture. After 
inoculation, the cotton-plugged cultures were placed in 
a Brewer anaerobic jar, and the air was replaced with 
hydrogen. At the end of 48 hr ineubation at 37° C, the 
cultures were removed from the jar and transplants 
made by transferring small portions of the blocks of 
tissue and a small amount of the fluid (0.1-0.15 ml) 
to freshly prepared tubes made up as before. At the 
same time, small portions of the blocks of tissue were 
placed on a slide and examined for amebae. Bits of 
tissue were also inoculated into S-F medium (7) as a 
further check on the presence of amebae. To test for 
bacterial sterility, approximately 1.0 ml of the eul- 
ture was transferred to a Wassermann tube and 
treated with penicillinase. This material was inocu- 
lated into a shake tube containing 15 ml of anaerobic 
agar (BBL* thioglycollate agar #146) and examined 
for bacterial colonies after 72 hr at 37° C. The re- 
maining tissue blocks were fixed in Bouin’s fluid for 
sectioning and staining. 

The second method was a modification of the first. 
The chick embryos were ground as thoroughly as 
possible in a mortar without abrasive, and the 
macerated tissues suspended in sufficient tissue culture 
nutrient fluid to make a 10-20% suspension. Varying 

*The 200 strain of 2B. histolytica was obtained from M. C. 
McCowen, of the Lilly Research Laboratories. It was obtained 


by Mr. McCowen from C. W. Rees, of the National Institutes 
of Health. 


* Baltimore Biological Laboratories. 
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quantities of the suspension were added to a series of 
four culture tubes (16x 150 mm), 1.0 ml to the first 
tube, 0.5 ml to the second, 0.25 ml to the third, and 
0.1 ml to the fourth. Sufficient nutrient fluid was then 
added to each tube to make the total volume 2.0 ml. 
These tubes were inoculated with EF. histolytica, strain 
200, in the same manner as described above, and 
placed in the Brewer anaerobic jar. At the end of 48 
hr of ineubation at 37° C, transplants were made by 
transferring 0.25 ml to new cultures. Transfers were 
also made to S-F medium and to thioglycollate agar 
shake tubes. As a further check on the bacterial 
sterility, inoculations were made into fluid thioglycol- 
late dextrose medium, on blood agar plates, into fluid 
thioglycollate medium enriched with 25% normal 
horse serum, and on Sabouraud’s agar slants. 

The results obtained using the first method with 
tissue blocks are summarized in Table 1. 


TABLE 1 


RESULTs OF ATTEMPTS TO PropaGATE E£. histolytica 
(Strain 200) In TISSUE-BEARING CULTURES 
CoNTAINING BLocKs or TISSUE FROM 
4- ro 5-Day CHIcK EMBRYOS 


Trans Bacterial 

ant i eulture 
plant Direct Culture in 3 

examination 8-F medium colonies) 

1 ye + 20 

: + + 20 

3 + 4 0 

4 + 0 0 

5 + 4 0 

6 0 0 0 


As shown in Table 1, five successful 48-hr trans- 
plants of the 200 strain of FE. histolytica were accom- 
plished, as evidenced by the presence of amebae in 
the tissues, either on direct examination or in subeul- 
tures into S-F medium, or both. None was present on 
the sixth transplant, and the series was discontinued 
after two more transplants not shown in the table. 
Attempts to repeat the above experiments under 
aerobic conditions have failed. 

Direct examination of the tissues under the micro- 
scope revealed that there were amebae present in the 
tissue blocks but not in the surrounding fluids. Con- 
firmation of the presence of the amebae within the 
blocks was obtained by examining sections of these 
tissues stained with hematoxylin and eosin after 
Bouin’s fixation. Study of these sections revealed typi- 
cal E. histolytica trophozoites lying between the tissue 
cells. There was little evidence of cellular reaction or 
change around the trophozoites, and the cells of the 
chick tissue appeared to be in good condition through- 
out the blocks. The cytoplasm of the amebae appeared 
quite clear and homogenous. Rare cytoplasmic inclu- 
sions were seen in the trophozoites. These might have 
been nuclear remnants of phagocytized tissue cells. 

The results obtained with the second method, using 
macerated chick embryo tissue, are shown in Table 2. 
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Table 2 reveals that 10 successful 48-hr transplants 
of the 200 strain of E. histolytica were made in 
medium containing either 1.0 or 0.5 ml of macerated 
chick embryo tissue. These transplants are being con- 
tinued, and all evidence indicates that the amebae can 
be maintained in this manner indefinitely. Direct ex- 


inoculum of more than 1 in 10°. Failure to subculture 
bacteria from any of these transplants by any tech- 
nique so far employed has indicated that the cultures 
were bacterially sterile, but further evidence is needed. 

Failure to maintain the amebae beyond 5 trans- 
plants in large blocks of chick embryo tissues, as indi- 


TABLE 2 


RESULTS OF TRANSPLANTS OF THE 200 StRAIn oF E. histolytica In TISSUE-BEARING CULTURES 
CONTAINING VARYING AMOUNTS OF MACERATED 4- To 5-Day CHICK EMBRYO TISSUES 


Tissue Subculture to S-F medium* 
suspen- Nutrient examination for amebae 
sion fluid 
10-20% (ml) Transplant Transplant 
0.25 1.75 HHHHH+H + 
0.1 1.9 + + + + + ¢ OO + + + + + O09 DO 


* Readings : ++ = 3-5 amebae per low power field ; +=1-3 amebae per low power field. These examinations were done by 
placing a drop of the culture on a slide and applying a cover slip. 


+ The finding of 2. histolytica in the S-F medium subcultures after 48 hr incubation at 37° C was considered positive, 


and no attempt made at quantitation. 


amination of these transplants at the time of transfer 
revealed the presence of numerous amebae, counts in- 
dicating 3000-6000 trophozoites/ml. The transplants 
in the two series with 0.5 and 1.0 ml of tissue suspen- 
sion routinely contained similar numbers of amebae. 
The series of transplants in which 0.25 ml of the 
tissue suspension was used had similar numbers of 
amebae present in the cultures for the first 6 trans- 
plants. There were but few amebae present in the 
seventh transplant and none in the eighth, as con- 
firmed by the negative culture to S-F medium. The 
series of transplants in which 0.1 ml of the macerated 
tissue suspension was used did not contain amebae 
after the sixth transplant. 

There were large numbers of isolated tissue cells 
along with numerous bits of tissue in which the cells 
had not been completely broken apart by the grind- 
ing process. Many of these cells were presumably via- 
ble, as evidenced by the finding of pulsating heart 
muscle on one occasion. Whether any tissue prolifera- 
tion was occurring in these cultures was not deter- 
mined. No positive subcultures for bacteria or fungi 
were obtained by any method used. 

The results shown in Table 2 would appear to indi- 
cate that the 200 strain of E. histolytica can be trans- 
planted anaerobically for an indefinite period in the 
presence of chick embryo tissue in tissue culture 
nutrient fluid. There is little doubt that the amebae 
propagated in the substrate. Since on each transplant 
0.25 ml of the culture was inoculated into 2 ml of 
new culture, constituting a one-in-nine dilution, the 
10 transplants represented a dilution of the original 


cated in Table 1, in contrast to the results with macer- 
ated tissues may possibly be explained on the basis of 
the observation that where blocks were used the 
amebae were present only within the blocks; hence, 
on transfer of portions of the block, the amebae may 
not have been able to leave the block easily and enter 
the new ones. 

The significance of finding trophozoites in the tissue 
blocks is not at present known. The failure to observe 
marked changes in the tissue cells around the amebae 
was interpreted as indicating that the amebae were 
not gaining entry into the tissues by means of some 
lytic ferment. This would support the hypothesis that 
entry of the amebae under these circumstances might 
be purely mechanical. Further investigation of this 
is now in progress. 

In more recent experiments it has been found that 
suspensions of brain, liver, heart, or thigh muscle 
tissues of 10-day chick embryos also support excellent 
propagation of the 200 strain of EZ. histolytica. It has 
also been found that the suspensions of 4- to 10-day 
chick embryo tissues support propagation of the 
amebae when incubated aerobically, provided the tis- 
sue concentration is high. 

A more complete report of the above findings and 
an extension of the observations on the entry of the 
amebae into various types of tissue will be forthcom- 
ing in the near future. 
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Comments and Communications 


Photochemical para Rearrangement 
of Phenyl Ethers 


THE phenylallyl and phenylbenzy] ethers rearrange 
upon heating to high temperatures (160°-200°) to 
o-allyl and o-benzyl phenols, respectively. Under the 
conditions specified, no para rearrangement has ever 
been noted with these ethers. Furthermore, no rear- 
rangement (ortho or para) has ever been noted with 
diphenyl ether. It is, therefore, of considerable theo- 
retical interest that the above ethers, when dissolved 
in isopropanol and irradiated at room temperature 
with ultraviolet light, give rise to the corresponding 
para-substituted phenols. Thus, diphenyl ether, when 
illuminated in isopropanol, gave phenol (identified 
as 2,4,6-tribromophenol) and p-hydroxybiphenyl (mp 
165°; mp reported 164°-165°; benzoic ester mp 
150°; mp reported 150°); the phenylbenzyl ether 
gave p-benzylphenol (mp 83°) and a small amount 
of phenol; and phenol allyl ether gave about equal 
quantities of phenol and p-allylphenol (mp of 3,5- 
dinitrobenzoate 103°-104°). The conversion yields 
with the last two ethers were about ten times higher 
than with the diphenyl ether. 

Solvents (t-amyl alcohol, acetic acid, ete.) influence 
profoundly the yield of phenol but have little effect 
on the formation of the rearrangement product. 

The work is being continued. A diseussion of the 
mechanism of this interesting and unusual reaction 
will appear shortly. 

M. S. 
Guipo Stampa 
WALTER NUDENBERG 
The George Herbert Jones Laboratory 
The University of Chicago 


Liberal Arts Colleges and the 
National Academy of Sciences 


SEVERAL recent studies have analyzed the origins of 
American scientists, using the Ph.D. degree as the 
basis of achievement.’ Liberal arts colleges led all 
other types of institutions in the proportion of gradu- 
ates receiving this type of recognition. A check on 
leadership at a much higher level of scientific achieve- 
ment may be made by noting the origins of members 
of the National Academy of Sciences, which is gen- 
erally considered to be the most distinguished body 
of scientists in the nation. Only about one in a thou- 
sand of the members of the American Chemical So- 
ciety has been elected to the academy, and the propor- 
tion of engineers thus honored is even lower. 

Table 1 lists the liberal arts colleges where mem- 
bers of the National Academy received their bachelor’s 
degrees. The roster of the academy used in this study 
included members elected in April 1952, and the bio- 


1R. H. Knapp and H. B. Goodrich. Science, 113, 54 
(1951) ; H. F. Lewis. J. Chem. Education, 28, 104 (1951). 
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TABLE 1 


MEMBERS OF THE NATIONAL ACADEMY OF SCIENCES 
HoLpiInc BACHELOR’s DEGREES FROM 
LipeRAL Arts COLLEGES 


Albright 1 Illinois Wesleyan 1 
Allegheny 1 Lake Forest 1 
Amherst 6 Lebanon Valley 1 
Beloit 1 Mount Union 1 
Bucknell . 1 Nebraska Wesleyan 1 
Butler . 2 Oberlin 2 
Carlton 1 Ohio Wesleyan 1 
Colby . a 1 
College of Charleston . 1 Pomona 3 
College of Wooster .. 5 Redlands . 1 
Cornell College 1 Roanoke 1 
Davidson 1 Southwestern College 
Denison 1 (Kan.) 2 
Depauw 2 Transylvania 1 
Dickinson . 1 Trinity College 1 
Drury 1 University of the South 1 
Earlham 2 Ursinus 1 
Gettysburg . 3 Washington and Lee 1 
Greenville 1 Wesleyan (Conn.) 1 
Grinnell 2 Wesleyan (Ga.) 1 
Hamilton 1 Whitman 1 
Haverford 1 Williams 3 
Hobart ie 1 Wittenburg 1 
Illinois College 1 


graphical data have been taken from American Men 
of Science. Institutions that grant the Ph.D. degree or 
that have professional schools of engineering, medi- 
cine, and other applied sciences are not included. The 
liberal arts status of the colleges has been determined 
from the College Blue Book (6th ed., 1950). 

Sixty-seven of the 506 members of the National 
Academy of Sciences received the bachelor’s degree 
from liberal arts colleges. This number becomes more 
impressive when it is noted that 64 members of the 
academy received their undergraduate training outside 
the continental limits of the U. 8. Allowance should 
be made also for the limited enrollments of these lib- 
eral arts colleges when compared to large state-sup- 
ported institutions. This limitation raises significantly 
the proportion of students in the smaller institution 
who have achieved membership in the nation’s most 
distinguished group of scientists. 

Joun R. SamPey 

Department of Chemistry, Furman University 


Erratum 


In my comment entitled ‘‘Common Names for Sub- 
species in Zoology’’ (Science, 115, 631 [1952]), the 
technical names P. sayi, P. affinis, and P. deserticola 
should in every case read P. c. sayi, P. c. affinis, and P. ec. 
deserticola. They are subspecies—not species. 

Howarp CAMPBELL 
Department of Game and Fish, Albuquerque, New Mexico 
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Book Reviews 


Factor Analysis: An Introduction and Manual for 
the Psychologist and Social Scientist. Raymond B. 
Cattell. New York: Harper, 1952. 462 pp. $6.00. 
Factor analysis can hardly be considered more than 

25 years old. It concerns itself exclusively with the 
analytical study of matrices of correlations. It requires 
large populations-of cases and a wide variety of-meas- 
ures on each of these cases for effective use. In recent 
years, several excellent books have appeared that dis- 
euss in rather comprehensive fashion the fundamental 
principles and procedures of this new method of ana- 
lyzing and classifying relationships. These have in- 
cluded many derivations and formulas and have been 
found difficult to follow by those without substantial 
training in statistical methods. 

Dr. Cattell in his preface indicates three needs which 
this book proposes to meet: 

First, it sets out to meet the need of the general student 
in science to gain some idea of what factor analysis is 
about and to understand how it integrates with scientific 
methods and concepts generally. .. . 

Second, it is intended as a textbook for statistics 
courses which deal with factor analysis for the first time, 


either as an appreciable part or as the whole of the 
semester course. . . . 


The third objective of this work is to supply a hand- 
book for the research worker, the student, and the statis- 
tical clerk which will be a practical guide with respect to 
carrying out the processes most frequently in use. 

The author has been an active user of factor analy- 
sis procedures for 12 years. He is one of the most 
enthusiastic proponents of these procedures, and his 
discussions of basic issues, computational procedures, 
and proposed uses of the techniques will be found 
informative by the novice and stimulating by experi- 
enced workers. 

The approach of the book is in terms of factor 
analysis as a scientific method for gaining certain ends 
rather than in terms of its mathematical foundations. 
Also, the presentation is simplified by a number of 
selections on the part of the author. The most impor- 
tant of these are the selection of Thurstone’s centroid 
method and rotation to simple structure. Only brief 
comparisons are given for the other principal methods 
of factor analysis. Similar selections are made with 
respect to other basic problems of the factor analyst. 
In most eases the relative advantages of the various 
possible choices are reviewed, and the reasons for the 
author’s preference of a specific procedure are .given. 

In a field as new as this, it is to be expected that 
erucial evidence will be lacking on many points, leav- 
ing much room for argument as to the most appro- 
priate procedures. The reviewer therefore expects to 
find points of disagreement. This is especially true 
when the reviewer, as in this case, was trained in a 
brand of factor analysis dismissed by Cattell after 
only perfunctory discussion. Such points of dis- 
agreement were found. These seemed minor when ap- 
pearing with the wealth of information and ideas and 
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the many sound suggestions and warnings to the less 
experienced workers in this field. 

Dr. Cattell’s book certainly does not represent the 
last word to be said on factor analysis. It does appear 
that he has made an important contribution in filling 
the three needs noted above. The book should be read 
with profit by all three of the groups for which it was 
planned. This reviewer is glad to recommend it to his 
students and colleagues who are interested in this new 
tool for working on the many problems with which 
psychologists and social scientists are at present con- 
fronted. 

JouNn C. FLANAGAN 
American Institute for Research 
University of Pittsburgh 


Hyperconjugation. John William Baker. New York: 

Oxford Univ. Press, 1952. 158 pp. $3.50. 

This book is an excellently written, concise sum- 
mary of the hypothesis of hyperconjugation and its 
role in the theory of organic reactivity. Some 205 ref- 
erences to the original literature are cited, and it gives 
a well-balanced picture of physical organic research on 
this subject. In general the book is written in an ob- 
jective manner, and the author carefully points out 
places where conflicting opinions occur and where the 
interpretation of experiments is in dispute. 

This short monograph is written in the classical 
organie spirit. The emphasis is primarily empirical in 
character. There are brief references to the theoretical 
work of Coulson and to that of Mulliken, Rieke, and 
Brown. These appear to be added more for the pur- 
pose of tone and balance than for their intrinsic 
merits, and the descriptions are so brief that some 
sections will be intelligible only to the theoretical 
chemist. Some of the topies discussed are the physical 
evidence for hyperconjugation, hyperconjugation and 
aromatic substitution, and hyperconjugation in olefin 
chemistry. 

There are some minor instances of incorrect theory. 
On page 115 mention is made of the stabilizing influ- 
ence overlap between electrons assigned to different 
bonds. Actually such overlap should destablize the 
molecule, since it gives rise to exchange (steric) re- 
pulsions. There is also some confusion between the 
coneepts of “activated” and excited electronic states 
of reacting systems. Generally reactions oceur by 
means of an adiabatic-reversible process in which the 
reacting system remains in its ground electronic state. 

Although these indiscriminate uses of theory are to 
be regretted, this tendency is so prevalent in physical 
organic chemistry that one can scarcely rebuke the 
author. On the whole, this is an extremely valuable 
contribution to the theory of organic chemistry and 
should be of interest to everyone in the field of phys- 
ical organie chemistry. 

C. R. MUELLER 
Department of Chemistry, Purdue University 
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Help from sap... 


L-Malic Acid (Eastman 543) finds 
its biggest use in asymmetric syn- 
thesis to separate racemic mixtures, 
which are formed when a human 
chemist totally synthesizes a com- 
pound having optical isomerism. 
For the separation it pays to get help 
along the way from nature—or at 
least from sugar bush men and state 
foresters. We ask them from time to 
time for hints as to where we can 
get “sugar sand,” the residue left 
from concentrating maple syrup. 
This is crude calcium L-malate, and 
it comes in looking like a very poor 
grade of maple sugar. By treating it 
with H,SO,, we get nice, white crys- 
tals of pure L-malic acid. They're 
quite sour but pleasantly so, as in 
green apples. We also carry DL- 
Malic Acid (Eastman P942). It’s 
made in a dyestuffs plant, and we 
don’t bother to taste it. 
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Old fashioned, special... 


Benzidine was well known as a rea- 
gent for the detection of blood back 
in the serene years when the flavor 
of chemistry was pervasively Teu- 
tonic. Then the Hohenzollerns 
turned bellicose, their chemistry 
was dammed off, and Eastman Or- 
ganic Chemicals relieved the or- 
ganic reagents drought. Benzidine 
was one of the first of them. We've 
learned a lot of new chemistry in the 
years since scientific men discarded 
their derbies, but benzidine is still 
an excellent reagent for the detec- 
tion of blood and the microdetermi- 
nation of hemoglobin, especially if 
the reagent is purified. Now we've 
put it in the news again by launching 
a grade of benzidine designated as 
Eastman X33, where we have done 
the special purifying for you and 
tested it for blood analysis. Ab- 
stracts free. 


Never mind the phosgene... 


Diphenylcarbamyl Chloride (Eastman 
801), a reagent for the identifica- 
tion of phenols, particularly nitro- 
phenols, by the formation of sharply 
melting esters, is another old timer. 
We shall gladly send you an abstract 
of the procedure. (Another reagent 
of the same type for phenol identifi- 
cation is Chloroacetic Acid (Eastman 
68), but it won’t work for nitro- 
phenols.) In the old days analysts 
had to make their own diphenylcar- 
bamyI chloride by reacting diphenyl- 
amine, common stabilizer for TNT, 
with phosgene, the “ancient” war 
gas. Nowadays, though, instead of 
displaying your bravery by manipu- 
lating compressed phosgene, it's a 
lot more sensible to order the rea- 
gent from our well-stocked shelves. 


In our List No. 38, just issued, you 
will find more than 3500 other or- 
ganic compounds. If you haven't re- 
ceived your copy yet, please write 
Distillation Products Industries, East- 
man Organic Chemicals Depart- 
ment, 623 Ridge Road West, Roch- 
ester 3, N. Y. (Division of Eastman 
Kodak Company). 


Eastman Organic Chemicals 


for science and industry 


Also...vitamins A and E...distilled monoglycerides... high vacuum equipment 
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GET YOUR ADVANCE COPY 
of the General Program-Directory 
of the St. Louis Meeting of the AAAS 
By first class mail — early in December 


The General Program-Directory of the 119th Meeting of the AAAS in St. Louis, December 26-31, 
1952, will be available to anyone, at cost, within the first week in December—whether he can attend 
the Meeting or not. This year the General Program will be much simplified in format and the Directory 
content increased. You will want it for your reference shelf. 


Program content Directory content 


1. The General Symposia: “Disaster Recovery” and 1. AAAS officers and staff for 1952. 

a , 2. Complete roll of AAAS presidents and their fields. 
2. Programs of the 18 AAAS sections and subsections : ee 

(symposia and contributed papers). 3. The 236 affiliated organizations. 
3. Programs of the more than 30 participating societies. 4. Historical sketch and organization of the Associa- 
4. The Special Sessions: AAAS, Academy Conference, —. 

Conference on Scientific Manpower II, National 5. Publications of the Association. 

Geographic Society, Phi Beta Kappa, RESA, ‘ : 

Sigma Xi. 6. AAAS Awards and Grants—including all past 
5. Details of the Kiel Auditorium, downtown hotels, — 

Washington University. 7. Membership figures by sections. 
6. Titles of the latest scientific films to be shown in 8. Section committees (Council members) in detail. 


the AAAS Science Theatre. 


7. Exhibitors in the 1952 Annual Exposition of Science 
and Industry and descriptions of their exhibits. 10. Future Meetings of the AAAS. 


9. Local committees. 


Advance Registration 


Advance registration—if you can attend the Meeting—has these advantages: 1) You avoid delay at Registration 
Desks upon arrival; 2) You receive the General Program-Directory in ample time, unhurriedly, to decide among 
events and sessions you particularly wish to attend; 3) Your name is posted in the Visible Directory as the Meeting 
opens. 


The coupon below may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 
——— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY ——— 
la. C Enclosed is $2.50 for my advance Registration Fee which brings me the Program-Directory, Convention Badge, 
and all privileges of the Meeting. 
1b. [] Enclosed is $1.50 for only the Program-Directory. (If you should attend the Meeting, later, Badge and privileges 


may be secured for $1.00 more.) 
(Check one) 


(Please print or typewrite) (Last) (First) (Initial) 


3. ACADEMIC, PROFESSIONAL, OR 


(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $2.50 or $1.50 to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D. C. 
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IMPORTANT NEW BOOKS 


ORGANIC CHEMISTRY. New 2nd Edition 


By Lucius J. Desna, Washington and Lee University. Ready in October 
Offering a “unified” treatment of aliphatic and aromatic compounds, this text guides the student 
toward an understanding of scientific principles through the study of specific compounds which 
illustrate them. New concepts and terminology are introduced gradually and are explained in suffi- 


cient detail to give them meaning. Illustrative material has been chosen primarily from substances 
of industrial importance and general public interest. 


INTRODUCTION TO THE STUDY OF PHYSICAL 
CHEMISTRY 


By Louis P. Hammett, Columbia University. /nternational Chemical Series. 427 pages, $6.00 
Considers “physical chemistry” as a method of obtaining and organizing information about the 
phenomena of nature; namely, the method of using quantitative and mathematical techniques in 
the attack on the problems of chemistry. It is designed for college seniors, majoring in chemistry. 
For these students, the book offers examples of all the more important methods employed by the 


physical chemist and supplies problems to help the student develop his own ability to use these 
methods. 


MESON PHYSICS 


By Rosert E. Marsuak, University of Rochester. International Series in Pure and Applied 
Physics. Ready in October 
A stimulating new book which surveys the essential results of recent meson experiments with par- 
ticular emphasis on their theoretical significance. Since the discovery of mesons in 1947 many indis- 
putable facts concerning mesons have been established, many of which suggest promising lines 
for future experimentation. It is the author’s purpose to record available data, including most of 
the original references of the past four years, and to suggest the dramatic nature of the meson story. 


MESONS. A Summary of Experimental Facts 


By Aran M. Tuornoike, Brookhaven National Laboratory. /nternational Series in Pure and 
Applied Physics. 240 pages. $5.50 
A relatively non-mathematical text on mesons and their importance in the atomic nucleus, this book 
gives a systematic summary of experimental results concerning mesons, especially those which have 
to do with the relation of mesons to nuclear forces and with the relations between elementary par- 


ticles. Includes historical information and details upon which a critical evaluation of the experi- 
ments can be based. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street New York 36, N.Y. 
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PHASE CONTRAST 
ACCESSORIES 


A $550 value! No finer 
quality at any price. Complete 
outfit for any standard labora- 
tory or research microscope 
includes: 4-phase objectives 
(10x, 20x, 40x, 100x); rota- 
diaphragm; Abbe condenser; 


cabinet. Choice $349 Prepaid wW 
of 4 contrasts. 
PHOTOMICROGRAPHY SET 


Use your present camera (35mm., No. 
120, etc.) to take photos with any 
standard microscope. Illustrated with 
35mm. camera and laboratory microscope 
described below. Focusing telescope per- 
mits critical focusing and continuous ob- 
servation of specimen. $39.95 Postpaid 


50-1500X LABORATORY 
MICROSCOPE 


Outstanding value in an instrument made 
to highest professional standards. Com- 
pletely equipped with mechanical stage, 
Abbe condenser and iris diaphragm, rack 
and pinion substage, 3 eyepieces, 3 ob- 
jectives, including oil immersion, wooden 
cabinet, etc. (four objective model avail- 
able). $198 Express collect. 


25% deposit required on C.O.D. shipments. 
Send check or M.O. or write for illustrated literature to: 


UNITED SCIENTIFIC CO. 
204-6 Milk St., Dept. R-93, Boston 9, Mass. 


Paper Partition 
CHROMA- 
TOGRAPHY 
Equipment 


Cabinets 
Cylinders & Racks 
Miscellaneous 


Paper Partition 
Chromatographic 


Write for 
Descriptive 
Brochure 


CHROMATOCAB 


Model B300—Insulated 


BERKELEY CHROMATOGRAPHY DIV. 


University Apparatus Company 
Dept. H @ 2229 McGee Avenue @ Berkeley 3, Calif. 
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Publications Received 


Biologie d’Anopheles Gambiae. Recherches en Afrique- 


Occidentale Francaise. M. H. Holstein. WHO Mono- 
graph Ser., No. 9. Geneva: WHO, 1952. 176 pp. $2.00. 
(English edition in preparation.) 

Cancer Learning in the Medical School. A Report of 
Four Years’ Investigation of How and What Medical 
Students Learn about Cancer. Howard R. Bierman 
et al. Berkeley: Univ. Calif. Press, 1952. 87 pp. Illus. 

Condensation Control in Buildings, as Related to Paints, 
Papers, and Insulating Materials. Proc. Fourth Re- 
search Correlation Conf. Washington, D. C.: Building 
Research Advisory Board, National Research Council, 
1952. 118 pp. Illus. $3.50. (Free to conference regis- 
trants.) 

Molecular Microwave Spectra Tables. Paul Kisliuk and 
Charles H. Townes. Natl. Bur. Standards Cire. 518. 
Washington, D. C.: GPO, 1952. vi+127 pp. 65¢. 

Mollusca of Krusadai Island (in the Gulf of Manaar). 
I—Amphineura and Gastropoda. 8. Thomas Satya- 
murti. Bull. Madras Gov. Museum, New Ser., Natural 
History Sect., Vol. I, No. 2, Pt. 6. Madras: Government 
Museum, 1952. 267 pp.+.34 plates. 10 Rs, 12 annas. 

Proceedings of the U. S. National Museum, Vol. 102. 
No. 3291, Contributions to the Morphology and Tax- 
onomy of the Branchiopoda Notostraca, with Special 
Reference to the North American Species. Folke 
Linder. Pp. 1-69. Illus. No. 3293, Some Marine Asellote 
Isopods from Northern California, with Descriptions 
of Nine New Species. Robert J. Menzies. Pp. 117-59. 
Illus. No. 3296, Preliminary Analysis of the Vertebrate 
Fossil Fauna of the Boysen Reservoir Area. Theodore 
E. White. Pp. 185-207. Illus. No. 3297, A New Cray- 
fish from Alabama, with Notes on Procambarus 
Lecontei (Hagen). Horton H. Hobbs, Jr. Pp. 209-19. 
Illus. No. 3299, A New Species of Commensal Amphi- 
pod from a Spiny Lobster. Clarence R. Shoemaker. Pp. 
231-33. Illus. No. 3301, An Emended Diagnosis of the 
Copepod Genus Pupulina (Caligoida), with Descrip- 
tions of New Species and a Redescription of the Geno- 
type. Mildred Stratton Wilson. Pp. 245-63. Illus. No. 
3302, Echinoderms from the Marshall Islands. Austin 
H. Clark. Pp. 265-303. No. 3305, Notes on Mammals 
from the Nile Delta Region of Egypt. Henry W. Setzer. 
Pp. 343-69. No. 3306, The Sipunculid Worms of Cali- 
fornia and Baja California. Walter Kenrick Fisher. 
Pp. 371-450. Illus. No. 3307, Schizostella, a New 
Genus of Brittle-Star (Gorgoncephalidae). Austin H. 
Clark. Pp. 451-54. Illus. Washington, D. C.: Smith- 
sonian Inst., 1952. 

Smithsonian Miscellaneous Collections, Vol. 117. No. 8, 
The Sand Crab Emerita Talpoida (Say) and some of 
its Relatives. R. E. Snodgrass. 34 pp. Illus. No. 10, 
Periodicities in the Solar-Constant Measures. ©. G. 
Abbot. 31 pp. Illus. No. 12, Two Aboriginal Works of 
Art from the Veracruz Coast. Philip Drucker. 7 pp.+ 
3 plates. No. 16, Solar Variation and Precipitation at 
Peoria, Illinois. C. G. Abbot. 18 pp. Illus. Washington, 
D. C.: Smithsonian Inst., 1952. 

A Spectrophotometric Study of the Shell Star y Tauri. 
Pubs. Dominion Astrophys. Observ., Vol. IX, No. 2. 
Anne B. Underhill. 166 pp. Illus. Wave-lengths for 
Radial-velocity Determinations Based on Measures of 
One Hundred F- to M-Type Stars. Vol. IX, No. 3. 
K. O. Wright. 179 pp. Illus. Ottawa, Canada, 1952. 25¢. 
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3 Outstanding texts in genetics and evolution! 


EVOLUTION IN THE GENUS DROSOPHILA 


J. T. PATTERSON & W. C. STONE @ University of Texas 


In the most intensive text treatment of any living genus, two noted scientists 
summarize the most significant developments in the field of experimental evo- 
lution. The book deals with the evolution of genus drosophila as demonstrated 
by living forms and concerns itself mainly with isolating mechanisms, with 
genetic systems shown by hybrids, and with the cytology of over 1/3 (215) of 
the known species of the genus. Ready this fall. 


GENETICS IN THE 20th CENTURY 


L. C. DUNN, Editor @ Columbia University 


Never before has the thinking of so many important leaders in the field of 
genetics been brought together in a single book. This is a collection of papers 
prepared for the Golden Jubilee Meeting of the Genetics Society of America. 
It surveys the development of the science, its present content and future prom- 
ise, and its actual and potential contributions to human society. $5.00. 


EVOLUTION EMERGING 


W. K. GREGORY e Emeritus, Columbia University 


A penetrating two-volume study of the panorama of emerging evolution, this 
epic work, by a world-renowned paleontologist, traces live on earth from 
its earliest beginnings through man and the myriad species we know today. The 
volumes are organized as separate units—one of text, the other of illustrations 
—each paralleling the other in content. Two-Volume Set, $20.00. 


THE MACMILLAN COMPANY 60 Fifth Ave., N. Y. 


September 19, 1952 
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Perfect Microscope LAMP 


NEW ILLUMINATOR CLAMPS TO MICROSCOPE 
Jusures 
INTENSE 
CORRECT 
Illumination 


PERFECT 
Alignment 


TIME 
and SPACE 


“TIC” ILLUMINATOR 


The new “TIC ILLUMINATOR” ends illumination diff- 
culties. Ideal for all routine examinations, oil 50 
immersion, darkfield, projection, photography. 
phase, etc. 110 Volt A.C. ‘al 
@ Write for list of used laboratory equipment 
TECHNICAL INSTRUMENT CO. 


1508 Divisadero Street, San Francisco, California 


SPECIALISTS FOR SCIENTIFIC INSTRUMENTS 
MICROSCOPES REFRACTOMETERS BALANCES 


que 9 CHATHAM ROAD, SUMMIT, N. 
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piste” New Catales describes 
the Latest Edition, of 


THE CARVER: LABORATORYs 


®@ Send for your copy of this new handy-size 
manual containing up-to-date information on 
the Carver Laboratory Press and its many uses. 


FRED S. CARVER INC. 
HYDRAULIC EQUIPMENT 


Meetings & Conferences 


Sept. 22-25. American Mining Congress. City Auditorium, 


Denver. 

Sept. 22-27. Third Alaskan Science Congress. Mount Me- 
Kinley Park Hotel. 

Sept. 22-27. AMERICAN ASSOCIATION FOR THE ADVANCE- 
MENT OF ScIENCE (Alaska Division). Mount MeKinley 
National Park. 

Sept. 22-27. Association francaise pour ]’avancement des 
sciences. Cannes. 

Sept. 22-30. Conference and Exhibition of Instruments 
and Measurements. Stockholm. 

Sept. 23-24. Institution of Mining and Metallurgy. Sym- 
posium on Mineral Dressing. London. 

Sept. 23-26. American Roentgen Ray Society. Houston, 
Tex. 

Sept. 23-Oct. 1. Congress of the International Scientific 
Film Association. La Maison de la Chimie, Paris. 

Sept. 26-27. Cancer Teaching Conference of Medical and 
Dental School Cancer Coordinators. Sheraton Plaza Ho- 
tel, Boston. 

Sept. 26-28. Aero Medical Association (Interim Meet- 
ing). Paris. 

Sept. 27-28. Biological Photographie Association, Upper 
Midwest Chapter. University of Minnesota, Minne- 
apolis. 

Sept. 27-Oct. 1. Inter-American Congress of Public 
Health. Havana. 

Sept. 27-Oct. 4. International Congress of Industrial 
Heating. Paris. 

Sept. 29-Oct. 1. Association of Official Agricultural Chem- 
ists (Annual). Shoreham Hotel, Washington, D. C. 
Sept. 29-Oct. 4. VIth Congrés International de Chauffage 
Industriel (Thermique et Thermodynamique appli- 

quées). Paris. 

Sept. 29-Oct. 4. German Physical Society (Annual). 
Technical University, Berlin. 

Oct. 1. American Medical Writers’ Association (Annual). 
Hotel Jefferson, St. Louis. 

Oct. 1-2. Association of Feed Control Officials. Shoreham 
Hotel, Washington, D. C. 

Oct. 1-3. International Council of Scientific Unions (Gen- 
eral Assembly). Amsterdam. 

Oct. 3. Association of American Fertilizer Control 
Officials. Shoreham Hotel, Washington, D. C. 

Oct. 4. Association of Economic Poison Control Officials. 
Shoreham Hotel, Washington, D. C. 

Oct. 6-10. German Society for Sciences of Fat. Diissel- 
dorf. 

Oct. 6-10. Institute on Alcoholism. Colorado State De- 
partment of Health, Denver. 

Oct. 9-11. Optical Society of America (Annual). Hotel 
Statler, Boston. 

Oct. 10. Kessler Institute for Rehabilitation. Conference 
on Rehabilitation of the Paraplegic. West Orange, N. J. 

Oct. 10. National Noise Abatement Council (Annual). 
Armour Research Foundation, Illinois Institute of 
Technology, Chicago. 

Oct. 12. Industrial Packaging and Materials Handling 
Exposition. Coliseum, Chicago. 

Oct. 12-15. American Forestry Association (Annual). 
Battery Park Hotel, Asheville, N. C. 

Oct. 12-16. Orthopedic Appliance and Limb Manufactur- 
ers’ Association. Hotel Statler, Washington, D. C. 

Oct. 12-16. World Medical Association. Athens. 
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POLAROGRAPHY 


Second completely revised and augmented edition. In Two Volumes. 
Volume I—THEORETICAL PRINCIPLES, INSTRUMENTATION AND 


TECHNIQUE. 
438 pages, 150 illus., 27 tables. $9.00 


Volume II—INORGANIC AND ORGANIC POLAROGRAPHY, BIOLOGI- 
CAL APPLICATIONS, AMPEROMETRIC TITRATIONS. 


Ready September. 566 pages, 75 illus., 104 tables. $11.00 


By I. M. KOLTHOFF, Professor and Head of Division of Analytical Chemistry, University 
of Minnesota, and JAMES J. LINGANE, Professor of Chemistry, Harvard University. 


The publication of the first edition of this book inaugurated a new era in polarography. Num- 
erous new fields of application were introduced, and a deeper understanding of the theoretical 
fundamentals led to a more critical approach to experimental results. The literary output of 
this ‘‘ polarographic movement’’ resulted in tripling of the published literature. It needed the 
superior guidance of I. M. Kolthoff and James J. Lingane, aided by Stanley Wawzonek in the 
field of organic polarography, to present again the wealth of material in a well-organized and 
integrated unit. Polarography will thus remain the definitive treatise for every one who must 
use this type of measurement in scientific and industrial investigations. 


MOLYBDENUM COMPOUNDS 


—Their Chemistry and Technology 

424 pages, 28 illus., 13 tables. $11.00 
By D. H. KILLEFFER, Chemical Consultant, and ARTHUR LINZ, Vice-President, Climax 
Molybdenum Company. With a special chapter on the Structural Chemistry of Molybdenum, 
by Linus Pauling. 


This volume, which emphasizes the great variety of applications of molybdenum compounds, 
contains a complete survey of pure and applied molybdenum chemistry. It includes a special 
annotated bibliography of the patent and technical literature dealing with molybdenum as a 
catalyst for inorganic and organic relations. 


FIVE-MEMBERED HETEROCYCLIC COMPOUNDS WITH 
NITROGEN AND SULFUR OR NITROGEN, SULFUR, 
AND OXYGEN (EXCEPT THIAZOLE) 


416 pages, 4 illus., 72 tables. $14.00 (subscription price $12.60) 
By L. L. BAMBAS, Parke, Davis and Company. 
This is the fourth volume to appear in Weissberger’s series, The Chemistry of Heterocyclic 
Compounds, which is devoted to a modern detailed and comprehensive presentation of 
heterocyclic chemistry. This monograph treats the thiazoles, the five-membered ring compounds 


with N, S and O, the isothiazoles—and their many derivatives and selenium analogs. All are 
compounds of great theoretical and practical importance. 


Write for our free 1952 catalog. Address your request to: CATALOG DEPARTMENT 


INTERSCIENCE PUBLISHERS, INC., 250 Fifth Avenue, New York 1, N. Y. 


September 19, 1952 
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PERSONNEL PLACEMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industria! 
laboratories, and research foundations in the U 
and 76 foreign countries—at a very low cost 
CLASSIFIED: 15¢ per word, minimum charge $3.00. Use of 
Box Number counts as 10 additional words. 
DISPLAY: $17.50 per inch, no charge for Box Number. 
Correct payment to SCIENCE must accompany all ads. 
Insertion usually made 2 or 3 weeks after receipt of ad. 
SCIENCE @ 1515 Mass, Ave., N.W., Wash. 5, D. C. 


POSITIONS WANTED 


Positions Wanted: 

(a) Biochemist; Ph.D., seeks clinical research or professional re- 
lations position with ethical organization; twelve years association, 
well known company. (b) Parasitologist; Ph.D. (Major: Medical 
and Veterinary Parasitology; Minor: Ecology) six years teaching 
and research experience medical helminthology and medical ento- 
mology. For further information please write Science Division, 
Medical Bureau, Burneice Larson, Palmolive Building, Chicago. X 


AVOID DELAY .... Cash in Advance payment 
MUST be enclosed with ALL classified ads. 
See “Charges and Requirements” 


OPEN 


Biochemist: Recent Ph.D. preferred. Excellent opportunity for 
career man interested in basic research. Carries academic appoint- 
ment; may involve some teaching after first year. Newly equipped 
laboratory. Please send personal and professional data. Kresge Eye 
Institute, 690 Mullett Street, Detroit 25, Michigan. 9/19 


Expanding privately endowed laboratory, photochemical and photo- 
synthesis research, has openings in physics; physical, organic, 
analytical, biological chemistry; plant physiology; spectrography ; 
instrumentation; apparatus; etc. Write for application form. 


— F. Kettering Foundation, Far Hills Post Office, Dayton 9, 
io. 


Positions Open: 
(a) Director of Clinical Investigation; key appointment carry- 
ing membership executive committee; physician, preferably intern- 
ist; leading pharmaceutical company. (b) Physician with flair 
for medical writing; key position; one of leading pharmaceutical 
cempanies; Midwest. (c) Medical Director and, also Production 
Control Supervisor, large pharmaceutical company; East. (d) 
Bacteriologist-Immunologist of considerable resourcefulness to 
conduct research project; university college of agriculture. (e) 
Biochemist; preferably Ph.D. to direct department of chemistry ; 
large general hospital; vicinity New York City. (f) Scientist with 
minimum year’s full-time experience, radioisotope techniques; ex- 
perience also mammalian endocrinology required; new radioisotope 
unit, teaching hospital ; ‘ey academic association. S9-3 
Science Division, Medical Bureau (Burneice Larson, Director) 
Palmolive Building, Chicago. 


Wanted: Untiversity fraduate well prepared in histochemistry to 
Prepare microscopic slides in comparative histology and embryol- 
ogy. Partnership in business possible. Box 281, SCIENCE. 


9/12, 9/19 
SCIENTISTS—salaried positions, $3,600 to $25,000. 
This confidential service for outstanding men who desire a change 
of connection, will develop and conduct preliminary negotiations 
without risk to present position. Send name and address for details. 
TOMSETT ASSOCIATES @ 335 Frick Bidg., Pittsburgh 19, Pa. 


OCT. 3. 
EQUIPMENT ISSUE 


Send your copy in, now! 


MARKET PLACE— 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the VU. S. 
and 76 foreign countries—at a very low cost 
CLASSIFIED: 20¢ per word, minimum charge $5.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 
DISPLAY: Rates listed below—no charge for Box Number. 
onthly invoices will be sent on a charge account basis 
—providing satisfactory credit is established. 


Single insertion $17.50 per inch 


7 times in 1 year 16.00 per inch 
13 times in 1 year 14.00 per inch 
26 times in 1 year 12.50 per inch 
52 times in 1 year 11.00 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


Listen and Learn a Language by LINGUAPHONE 
At home learn to speak Spanish, French, German, Russian, Japanese 
—any of 29 languages, by Linguaphone World’s Standard Conversa- 
tional Method. Over a million Home-study students. Save time, 
om cpa Send for Free book Today. Approved for Veteran’s 
raining. 


LINGUAPHONE INSTITUTE @ 8409 Radio City, New York 20 
BACK NUMBER PERIODICALS —— Bought and Sold 


@ Tell us what you want!—What have you to offer? 
Abrahams Magazine Service , DEPT. P, 56 E. 13th ST. 
Established 1889 NEW YORK 3, N. Y. 


Your sets and files of scientific journals 
are needed by our library and institutional customers. Please send 
us lists and description ot periodical files you are willing to sell 
at high market prices. Write Dept. A3S, J. S. CANNER, INC. 
Boston 19, Massachusetts 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries—Sets and runs—Single titles 
Also, please send us your want lists. 
TECHERT - HAFNER, INC. 
31 East 10th St., New York 3 


WANTED TO PURCHASE ... Sets and runs, foreign 
PERIODICALS and domestic. Entire 

SCIENTIFI libraries and smaller 
and BOOKS collections wanted. 

WALTER j. JOHNSON @ 125 East 23rd St., New York 10, N. Y. 


PROFESSIONAL SERVICES 


SINCE 


New.Food Ingredients - New Drugs 


ANIMAL TESTS 


Analyses- Consultation - Research 


LaWall & Harrisson 


Div. S, 1921 Walnut St., Philadelphia 3, 


LOOKING FOR A PUBLISHER? 
Write for Free Booklet SC telling how we can 
your book. All subjects considered. New authors welcome. 
VANTAGE PRESS, Inc. © 120 W. 31 St., New York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 28 
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—The MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


Hit 


LABORATORY SERVICES 


in Biochemistry, Chemistry, Bacteriology 
and Insecticide Testing 


Mineral determinations including sodium 
and fluorine 


| Proximate analyses 

© Vitamin and amino acid assays 
Food biochemistry and microbiology 

Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


» P. O. BOX 2059 e MADISON 1, WISCONSIN 


SPECIFIC IMMUNE SERA . 
ANTI: Horse, Sheep, Deer, Beef, Pork, Human 
(others available upon request) 
Identification Tests Performed 


Write for Details 
WISCONSIN ALUMNI RESEARCH FOUNDATION 
P. O. BOX 2059 . MADISON 1, WIS. 
SUPPLIES AND EQUIPMENT 
All AMINO ACID TT 


Rare Sugars, Biochemical Products, ete ) New 
Pharmaceuticals in stock. Write or phone PLaza 
7-8171 for complete price list. 


7 West 60th 
| BIOS LABORATORIES, INC. 


SUPPLIES AND EQUIPMENT 


@ RARE 
STAINS 
STARKMAN Biological Laboratory © Bloor St.. 
For CONSISTENT Rats .. . 
@ BUDD MT. RODENT FARM 
@ CHESTER, N. J. 
Breeders of a recognized strain of Wistar. 


Continuous Controlled Irradiation 
of Biological Systems 
QUANTUM, INC. 


—Processing 
Mt. Station, Hamden, 


NEW MONOMERS 


Vinyl Esters, Acrylyl and Methacrylyl Chlorides, Ethylenimines 
Allyl Esters: Acrylate, Fumarate, eate, Succinate. 
Ethylene Glycol Acrylate and Methacrylate, Vinyl Halides 
2,3- , p-Chliorostyrenes, Nitrostyrenes 
Over 250 Other Monomers Write for List A-4 


MONOMER-POLYMER, INC. 


511 Lancaster St. Leominster, Mass. 


FOR UNIFORM RESULTS 


Eliminate the nutrition variable in your 
work with lab animals. Use Purina 
Laboratory Chow for uniform results, 
RALSTON PURINA — 
St. Lovis 2, Mo Ce 


SPRAGUE-DAWLEY, INC. 


Pioneers in development of the 
standard laboratory Albino rat 


Box 2071 + Madison 5, Wisconsin * Phone 3-5318 


6-Glucuronidase (Calf Spleen) 
25,000 Fishman Units per gram* (in ammonium sulfate). 
Dry powder—stable at room temperature. Valuable in 
urinary ketosteroid my 

* Fishman, W. H., et al., J. B. C. 173, 449 (1948). 

Corcoran, A. C., et al. =? Lab. & Clin. Med. 36, 297 (1950). 

Uricase 
Ory stable preparation derived from kidney—more potent 
than available commercial uricase preparations. It is 
standardized, so that 5 mg. will catalyze the conversion 
of one micromole of uric acid to non-chromogenic end 
products in 90 minutes at 45° 

* Wolfson, W. Q., et al., J. Expt. Med. 92, 121-27 — 
Also available—Cytochrome C, vials of 50 mg. (10cc). 
Write for catalog listing other important biochemicals. 


VIOBIN Laboratories ¢ Monticello, Illinois 


September 19, 1952 


PROPPER 


"Quality 
MICRO 
COVER 

GLASSES 


SQUARES, RECTANGLES 
AND CIRCLES 


Propper Select Quality Micro Cover Glasses are 
non-corrosive, non-fogging, and entirely free from 
flaws . . . meet or exceed all Federal specifications. 
@ Special sizes of any dimension made to order 
@ Complete range of circles also available 

Write for details, prices, and samples. 
PROPPER MANUFACTURING CO., INC. 

10-34 44th Drive, Long Island City 1, New York 
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i BOOKS + SERVICES + SUPPLIES > EQUIPMENT 
3 SUPPLIES AND EQUIPMENT | SUPPLIES AND EQUIPMENT 
Lov 
ae (THIS ie the EXACT SIZE RECTANGLE IN Sreuments 
on the Field Finder containing EXO - KETON 
advantages: Suverb precision= | Lovins ENGINEERING * WON'T CURL! % PRICE OF GLASS 
4 with interchangeability; non-des COMPANY available through your local dealer ot 
tructive; used by 
FOR BULLETIN SILVER SPRING. CHARLES F. HUBBS & CO. St. 
DOGS RATS RABBITS 
By LISORATORT CATS PIGEONS HAMSTERS 
MICE POULTRY GUINEA Pics UST OUT! NEW LIST 
JOHN C. LANDIS Hagerstown, Md. J 
HYDRION 
PREPARATIONS pH 
an 
e high quality—low priced. Write for catalog pH Buffers 
P.O. Box 2227, Valuable and wid sed for 
TROPICAL BIOLOGICALS @ Rico. uable u 
Write for your copy. 
Cc. P. AMINO ACID 
and Just specify H-S 
ior immediate 
H. M. CHEMICAL CO., LTD. R. P. CARGILLE 
1651 -— 18th St. Santa Monica, Calif. 117 Liberty St. New York 6, N. Y. 


KLETT 
ELECTROPHORESIS 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 
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What GENERAL ELECTRIC People Are Saying 


T. M. BERRY 
J. P. HANNA 


General Engineering Laboratory 


FERROMAGNETOGRAPHY: Many of the problems 
of business, particularly in the field of account- 
ing, involve not only the processing of large 
amounts of information but also the output of 
relatively large amounts of printed matter 
showing the results. Digital computer tech- 
niques could be ada sted to the solution of 
such problems only if faster printing techniques 
could be developed to keep pace with elec- 
tronic computations. 

This leads us to General Electric’s develop- 
ment of “ferromagnetography,” a new and 
basic principle in printing. This is a method 
through which the printed and written text and 
pictures are st em by: (1) forming mag- 
netic images on thin sheets of permanent- 
magnetic material; (2) making these images 
visible by the deposition of tiny ferromagnetic 
particles; (3) transferring these particles to a 
medium such as paper. 

A permanent-magnetic stylus (the magnetic 
field of which is concentrated at the point) 
can be used for writing and drawing magnetic 
images. 

Magnetic materials with current-carryin 
coils chews them (electro-magnets) can be use 
in place of the permanent magnets to make 
images. If the current is varied, the strength of 
the magnetic image also varies. In this way you 
can vary the magnetic field from zero through 
maximum to zero in a few millionths of a 
second. Therefore, magnetic images can be 
formed at rates up to tens of thousands per 
second. Here we have the basis for high-speed 
printing. 

If you bring a suspension of iron particles 
into contact with the magnetized portion of the 
sheet, they form a figure, being held by the 
force of magnetic attraction. 

Transfer of this image to paper or other 
media is a tricky process. One way is by the 
use of an adhesive or bonding agent. Or, instead 
of removing the particles, you can use the 
magnetic sheet as the printer uses his press: 
that is, coat the particles with printing ink 
and run off copies. 


G-E Review 
July, 1952 


W. R. G. BAKER 
Electronics Division 
AND Reauiry: We 
are surrounded by evidence that the electronic 


evolution, if you wish to call it that, is well 
under way. 


First to feel the greatest effect will be the 
continuous process, unchanging product fac- 
tory. Next, I believe, or even concurrently, will 
be the industries with long run mass production 
of a relatively few products. Third, I believe 
will be the job lot plant, with electronic devices 
even here taking over the monotonous repeti- 
tive jobs. 

Perhaps equally as important as electronic 
controls will be the increased use of electronic 
communication and the integration of com- 
munications with both production and dis- 
tribution. 


Again. as in electronic controls, we have 
many of the bits and pieces that can make up 
an integrated electronic business system. We 
have closed circuit industrial television, micro- 
wave and facsimile for transmission of business 
information, electronic memory devices and 
computers, telemetering for reading gages at 
long distances, electronic business machines. 

Broadly, this is the promise that electronics 
holds for us. It offers us a means to increase 
sroductivity and therefore our standard of 
being. It offers us quicker and better methods 
of communications in all areas of industry, 
commerce, education and entertainment. It 
offers us a way of making better use of our 
skills. It offers us a way of bolstering our de- 
fenses against aggression. 

We must continue to invest in research, to 
broaden the basic knowledge on which we can 
build a stronger economy. The true return on 
the investment will be measured in the ad- 
vancement of civilization. 


Meeting. The Robert Morris Associates 
Syracuse, New York 
May 14, 1952 


You can put your confidence in 
GENERAL @@ ELECTRIC 


il 


A. FULL CHOICE OF HIGH QUALITY 
OPTICS 


B. ALL-METAL PRECISION FITTED 
SLIDEWAYS 


C. RACK AND PINION COARSE 
ADJUSTMENT 


D. MICROMETER-SCREW TYPE FINE 
ADJUSTMENT WITH FULL 
EXCURSION RANGE 


E. LONG WEARING BAKELITE STAGE 
ACCOMMODATES STANDARD 
AO MECHANICAL STAGES 


Schools cannot afford to be constantly replacing or repairing instruments of poor con- 
struction and design which quickly wear out or are easily damaged by students. Teaching 
microscopes must be both simple to operate and extremely durable. 

The AO Spencer No. 66B Microscope is identical in quality of construction to expensive 
AO laboratory instruments that have won world-wide recognition for precision optics 
and mechanical durability. Basic elements of this design have been time tested for over 
30 years. Although initial cost is slightly higher than the lowest-priced instruments, the 
66 will actually save you money through reduced replacement and maintenance. Learn 
all the facts before you buy. For information write Dept. J3. 


American @ Optical 


INSTRUMENT DIVISION « BUFFALO 15, NEW YORK 
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